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SUMMARY

Biological, chemical, and physicochemical data for a
number of nitrosoureas have been subjected to a computer
analysis to seek the relative roles of carbamoylating activ
ity, alkylating activity, and oil solubility (octanol/water) in
determining the activities of the compounds against i.p.
implanted leukemia L1210. All of the compounds included
in the study have some antileukemia activity, and their
octanol/water distribution coefficients fall within the range
designated by Mansch et al. as necessary for activity. The
conclusions are as follows.

Carbamoylating activity, alkylating activity, and solubil
ity are all important in determining the degree of an
tileukemia activity.

Perhaps a dominant role of carbamyolating activity is in
determining the toxicity, as reflected in the dose (mmoles/
kg) causing death of 10% of the mice when administered i.p.
as a single dose and in the therapeutic indexes.

Alkylating activity (which may reflect in an inverse
manner the chemical half-life of the nitrosourea) is a
relatively greater factor in determining the single i.p. dose
(mmoles/kg) killing 99% of the leukemic L1210 cells after
i.p. inoculation of IO6 cells and the single i.p. dose
(mmoles/kg) producing 50% 45-day survivors in a group of
mice inoculated i.p. with IO5L1210 cells than in determin
ing the dose (mmoles/kg) causing death of 10% of the mice
when administered i.p. as a single dose, and it is also
important in yielding desirable therapeutic indexes.

The solubility (as reflected in the octanol/water distribu-
ion coefficient) is a major factor in determining the toxicity
and hence the therapeutic indexes, perhaps because of the
essentiality that the agents reach the critical anatomical
sites for causation of toxicity.

Consideration of the data leads to the suggestion that a
nitrosourea having optimal therapeutic properties will have
low carbamoylating activity, relatively low chemical stabil
ity, high alkylating activity, and a distribution coefficient
falling at the upper end of the range for the compounds
included in this study.

'This work was performed under Contract PH-43-66-29, Division of
Cancer Treatment, National Cancer Institute, NIH.

Received June 27, 1973; accepted October 18, 1973.

INTRODUCTION

l-(2-Haloethyl)-l-nitrosoureas are active therapeutic
agents for the treatment of a number of experimental and
clinical neoplasms (2). It has been known for some time that
the nitrosoureas decompose at physiological conditions to
yield alkylating and carbamoylating moieties (8), and the
alkylation of nucleic acids and proteins (3) and the car-
bamoylation of proteins (1, 3, 10) in intact cells have been
demonstrated. It is also known that the degree of solubility
or lipophilicity is quite important in determining the ease
with which the compounds cross the cell membranes and the
"blood-brain barrier" (9). However, the relative contribu

tions of these chemical reactivites and physicochemical
properties to the toxic effects and to the therapeutic effects
have been unknown. Knowledge of these respective contri
butions might aid in understanding the mechanisms of
action of these agents and might serve to guide the synthe
sis of new nitrosoureas. Therefore, this study was under
taken to determine the degree of correlation between these
properties and the animal toxicities, therapeutic activities,
and therapeutic indexes of certain nitrosoureas. The biologi
cal data were obtained by the Chemotherapy Department of
Southern Research Institute under the general direction of
Dr. Frank M. Schabel, Jr., and have been published
previously (6). The distribution coefficients for the com
pounds in an octanol/water system have been determined or
calculated and reported by Mansch et al. (4).

MATERIALS AND METHODS

Sources of Compounds. The nitrosoureas used in this
study were prepared by the Organic Chemistry Department
of Southern Research Institute, and the preparations have
been described (5-7). 4-(p-Nitrobenzyl)pyridine was pur
chased from Aldrich Chemical Company, Inc., Milwaukee,
Wis., and L-lysine-14C(uniformly labeled; 312 mCi/mmole)
was purchased from New England Nuclear, Boston, Mass.

Determination of Chemical Half-Life. The half-lives of
the compounds were determined by following the change in
absorbance of solutions during incubation at 37Â°.The

solutions were prepared by dissolving the compounds in
absolute ethyl alcohol and then adding 19 volumes of
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phosphate buffer, pH 7.4. The absorbances were determined
at wavelengths near 230 nm corresponding to absorption
maxima for the respective compounds. These determina
tions were made by Dr. W. C. Coburn, Jr., and his
coworkers of the Organic Chemistry Department of South
ern Research Institute.

Determination of Alkylating Activity. This procedure was
the same as that used in previous experiments (11) except
that the solution of the nitrosourea (12 AmÃ³les) and
4-(p-nitrobenzyl)pyridine (74 /uÃ±Ã³les)in acetate buffer at
pH 6.0 was incubated at 37Â°for 2 hr instead of being heated
at 95-100Â° for various periods of time. At the end of the

period of incubation the reaction mixture was made alkaline
with sodium hydroxide, the colored material that formed
was extracted with ethyl acetate, and the absorbance of this
ethyl acetate solution was determined at 540 nm.

Determination of Carbamoylating Activity. Previous ex
periments (1) showed that carbamoylation of lysine oc
curred upon incubation of a solution containing a ni
trosourea and lysine. Subsequent experiments have shown
that a small amount of alkylation of lysine may also occur,
but the extent of the alkylation is quite small in comparison
to the extent of the carbamoylation. Therefore, this system
has been used as a basis for the method of measuring
carbamoylation.

The commercially obtained lysine-UC was dissolved in
0.1 M phosphate buffer, pH 7.4, and diluted with nonradi-
oactive lysine hydrochloride to give a specific activity of 6.7
mCi/mmole. The nitrosoureas were dissolved in acetone at
a concentration of 12 /Â¿moles/ml. These solutions were
combined with additional acetone in quantities required to
yield a mixture consisting of 0.42 /Â¿moleof lysine-14C, 0.42
fimole of the nitrosourea, 0.45 ml of 0.1 M phosphate
buffer, pH 7.4, and 0.05 ml of acetone. Control mixtures
lacked the nitrosourea. After incubation of the mixture at
37Â°for 6 hr, 40 Â¿tlwere placed on Whatman No. 1 paper,
and ascending, 1-dimensional chromatography was carried
out with a solvent consisting of Â¡sopropylalcohol, concen
trated hydrochloric acid, and water (65/17/18). The dried
chromatograms were placed in contact with Eastman blue-
sensitive X-ray film and stored in the dark for 1 to 2 weeks.
The radioactive areas of the chromatograms thus detected
were cut out, immersed in a toluene solution of Liquifluor
(New England Nuclear), and assayed for radioactivity with
a Packard Tri-Carb scintillation spectrometer. The radio
activity present on the paper at positions other than that of
the lysine-14C was considered to be present in products of
carbamoylation and therefore a measure of the extent of
carbamoylation; corrections were made for small quantities
of extraneous radioactivity that was detected on the chro
matograms for the control mixtures.

RESULTS AND DISCUSSION

Table 1 contains the NSC numbers, the structures, and
the chemical, physicochemical, and biological data for the
compounds that were included in this study. All of the
compounds have recognizable antileukemic activity against

leukemia L1210, which is the biological system used for all
of the biological determinations presented here. Therefore,
we are examining compounds with various degrees of
activity but not comparing active compounds with totally
inactive ones. Nevertheless, Compounds 10 and 11 are of
little practical value for curing animals with this leukemia
because of their high therapeutic indexes, and therefore
these 2 compounds may be considered to be therapeutically
negative with respect to curing. It is axiomatic that the
distribution coefficients of the compounds fall within the
range designated by Mansch et al. (4) for active compounds.

In order to facilitate examination of the interrelationships
of the data of Table 1, some of the data are also presented in
graphs. In the graphs the compounds that contain a
l-(2-fluoroethyl) group are represented by x's; the com
pounds that contain a l-(2-chloroethyl) group are repre
sented by circled dots. The dashed lines on the charts were
drawn freehand. Chart \A shows that there is a good inverse
relation between the half-lives of the compounds and the
alkylating activitiesâ€”the shorter the half-life, the greater
the alkylating activity. This is not surprising, because it is
likely that all of the l-(2-fluoroethyl) compounds are
progenitors of the same alkylating moiety, namely, a
2-fluoroethyl carbonium ion, and it is likely that all of the
l-(2-chloroethyl) compounds are progenitors of the same
alkylating moiety, namely, a vinyl carbonium ion. There
fore the rates of alkylation are determined by the rates of
decomposition of the nitrosoureas to generate the respective
carbonium ions. On the other hand (Chart \B) there is a
direct relation between the half-lives of the compounds and
the carbamoylating activitiesâ€”the longer the half-lives, the
greater the carbamoylating activities. This indicates that the
chemical entities that contribute greater stability to the
parent nitrosourea also contribute greater reactivity to the
generated isocyanates with respect to reactivity toward
lysine. Chart 1C shows that compounds having approxi
mately the same half-life may have greatly different distri
bution coefficients; conversely, compounds having about the
same distribution coefficients may have greatly different
half-lives.

A plot of alkylating activity versus carbamoylating
activity (Chart 2/4) shows that some of the compounds have
approximately the same alkylating activity but different
carbamoylating activities, whereas others have approxi
mately the same carbamoylating activity but different
alkylating activities. Correspondingly similar conclusions
may be reached upon considering plots of alkylating activity
versus distribution coefficients (Chart 2B) and of car
bamoylating activity versus distribution coefficients (Chart
2C).

Table 2 contains the ratios of the highest to the lowest
values of various parameters for the compounds listed in
Table 1. It is interesting that although the distribution
coefficients cover a 2500-fold range, the biological parame
ters cover a 3- to 13-fold range, and the carbamoylating
activities and the alkylating activities cover 6- and 10-fold
ranges, respectively. These facts imply that the biological
parameters are much more sensitive to changes in car
bamoylating and alkylating activities than to changes in
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Table I
Chemical, physicochemical, and biological activities of nitrosoureas

XCH.CH,â€”Nâ€”Câ€”NHR

NO

Com
pound NSCNo.1

132,0862

106,7673

132,0854

128,3035

129,9686

91,7287

84,9548

409,9629

129,96710

129,96611

132,92112

95,44113

79,03714

88,10415

132,92016

125,64917

87,974XFFFClClFClClClFClClClClFFFT

alt.Â»R

(min)~oCH,

CH,-ex:â€¢¿�-0
-'
â€”¿�S/
â€”¿�s-O^â€”

s,â€”

CHr-CH2FT_)

38-CHj-CHjCl

43O>

â€”¿�'CHgCH,H,CH,-o\T~\

53-O*

"O

Â«ir~OTa!-Q"

Half-life in ethanol/phosphate buffer, (1/19), pH 7.4,37"
Carbamoylatingi.e..

54,300 dpm.activity.expressed
as percentage of theCcf16.720.425.526.234.837.839.353.756.659.565.571.578.779.079.688.6100.0oquantityA'

P"10.1

50.1100.0

0.00470.5

0.559.1

1.816.0

61.742.8

0.0339.2

7.942.2

0.513.0

100.018.9

25.121.1

4.217.1

29.515.9

10.039.5

7.921.0

25.120.3

7.420.2

2.5of

radioactivitypresent'

Alleviatine activity, expressed as percentage of the absorbance obtained for NSC 106,767LD10

LDâ€žEDâ€ž0.41

0.0860.310.12

0.100.0370.16

0.0140.0480.082

0.0140.0240.85

0.1280.2640.039

0.0160.504

0.0810.2020.19

0.0320.0950.38

0.0490.1180.39

0.179>0.390.12

0.064>0.120.15

0.0210.0750.17

0.0320.1110.205

0.0550.1330.19

0.0780.1790.16

0.0640.1070.156

0.027in

carbamoylation productsobtained,

i.e., 3.00.ED..LD100.210.090.090.170.150.400.160.170.130.460.530.140.190.270.410.400.17with

NSCED.oLD100.760.310.300.290.310.400.500.31>1.0>,..0.500.650.650.940.6787,974,

Distribution coefficient for the octanol/water system, expressed as percentage of the value for NSC 129,967. i.e.. 6761.
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Chart I. Plots of the alkylating activity
(A), the carbamoylating activity (B), and
the distribution coefficient (C) versus the
half-life of the compound. The dashed lines
of A and B are drawn freehand. O, 2-
chloroethyl compounds; x, 2-fluoroethyl
compounds; T0 s. half-life; 10' dpm. mea
sure of carbamoylation of lysine-'*C; P,

distribution coefficient (octanol/water).
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Chart 2. Plots of the carbamoylating
activity versus the alkylating activity Mi,
the alkylating activity versus the distribu
tion coefficient (fi), and the carbamoylat
ing activity versus the distribution coeffi
cient (C). The dashed lines of A and B are
drawn freehand. G, 2-chloroethyl com
pounds; x, 2-fluoroethyl compounds; IO3
dpm, measure of carbamoylation of lysine-
"C; P, distribution coefficient (octanol/

water).
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Table 2
Ratios of highest to lowest values of various parameters for the

compounds listed in table I

PropertyCaÂ°

A*
P'

LD,0
ED..
ED50
ED../LD.O
ED../LD,,Highest

value/lowestvalue6

102500

10
9

13
6

3Â°

Carbamoylating activity.
"Alkylating activity.
' Distribution coefficients.

distribution coefficients. Chart 3 shows the plots of 1 of the
biological parameters, namely, the LD10,2 versus the chemi
cal and physicochemical parameters. Chart 3, A and B,
shows that compounds that have either high alkylating
activity or high carbamoylating activity are quite toxic to
mice, but there are some compounds that have relatively
low alkylating activity or carbamoylating activity that are
also quite toxic. Chart 3C indicates that compounds that
have lower distribution coefficients are more toxic to mice.
The greater scatter of points in all of these plots indicate

2The abbreviations used are: LD10, dose (mmoles/kg) causing death of
10% of the mice when administered i.p. as a single dose; ED,,, single i.p.
dose (mmoles/kg) killing 99% of the leukemic LI2IO cells after i.p.
inoculation of 10scells; EDSO,single i.p. dose (mmoles/kg) producing 50%
45-day survivors in a group of mice inoculated with 10s L1210 cells.

that the degree of correlation between the individual
chemical or physiochemical property and the biological
property might be low, and, therefore, it seemed desirable to
determine the degrees of correlation between the biological
parameters and the composite alkylating, carbamoylating,
and solubility properties of the compounds.

If a particular biological activity is a function of the
carbomoylating activity, the alkylating activity, and the
distribution coefficient, then it is desirable to express these
parameters so that the relative contributions of these
parameters to the biological activity can be estimated
mathematically. Therefore the value of each parameter for
the individual compounds has been expressed as a percent
age of the highest value obtained for that parameter among
the compounds included in this study. For example, Com
pound 17 had the greatest carbamoylating activity, and the
carbamoylating activity of each of the other compounds is
expressed as a percentage of that activity. Similarly, the
alkylating activities were expressed as percentages of the
value for Compound 2, and the distribution coefficients are
expressed as percentages of the value for Compound 9.
These percentages, which are listed in Table 1, show where
each compound stands within the series of compounds with
respect to each parameter.

The data of Table 1 have been used to determine the
degree of correlation between the various biological param
eters and the individual chemical and physicochemical
parameters or combinations of 2 or 3 of these chemical and
physicochemical parameters. Linear relationships were as
sumed, and single or stepwise linear regressions were
accomplished by means of a computer. The resulting
equations and statistical information are given in Table 3.
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Chart 3. Plots of the LD10 for mice
versus the alkylating activity (A), the car-
bamolyating activity (B), and the distribu
tion coefficient (C). O, 2-chloroethyl com
pounds; x, 2-fluorethyl compounds; IO3
dpm, measure of carbamylation of lysine-
14C; P, distribution coefficient (octanol/

water).

Table 3
Linear regression equations for relationships between biological parameters and chemical and physicochemical parameters

Equation1234567891011121314151617181920212223242526272829303132333435LD10

= -0.00192 Caa +0.3569LD10
= -0. 00304 A' +0.3529LD10
= 0.00457 P' +0.1615LD10
= -0.0048 Ca - 0.00574/1 +0.7075LD10
= -0.00148 Ca + 0.00444 P +0.2452LD,â€ž
= -0.00045 A + 0.00436 P + 0.180LD10
- -0.00324 Ca - 0.00319 A + 0.0028 P +0.480ED..

= 0.000072 Ca +0.0518ED.,
= -0.00094 A +0.0871ED,.
= 0.000632 P +0.0434ED.,
= -0.00056 Ca - 0.00125 A + 0.1281ED.,
= 0.000136 Ca + 0.000644 P +0.0356ED..
= -0.00077 A + 0.00028 P +0.0761ED.,
= -0.00055 Ca - 0.00123 A + 0.000017 P + 0.127ED50

= -0.000344 Ca + 0.1487ED50
- -0.00197 A +0.2013ED.Â«
= 0.00139 P +0.0987ED50
= -0.00188 Ca - 0.00288 A +0.331ED50
= -0.00029 Ca + 0.00138 P + 0. 1137ED.,
= -0.00162 A + 0.000527 P + 0.1764ED.,
= -0.0021 Ca - 0.00326/1 - 0.000407 P +0.3653EDâ€ž/LD10

= 0.00202 Ca +0.1325EDâ€ž/LD10
= -0.00209/1 +0.3133EDâ€ž/LD,0
= -0.00095 P +0.2622EDâ€ž/LD10
= 0.00134 Ca - 0.00134 A +0.2141EDâ€ž/LD10
= 0.00194 Ca - 0.00078 P + 0.1522ED../LD,,,
= -0.00366/4 0.00264 /> +0.4175EDâ€ž/LD,â€ž
= 0.000162 Ca - 0.0038 A - 0.00271 P +0.4325EDâ€ž/LD10

= 0.00473 Ca +0.2627ED50/LD,â€ž
= -0.00395 A +0.6478EDâ€žâ€ž/LD10
= -0.000569 P +0.5201ED.o/LD.o
= 0.00354 Ca - 0.00223 A +0.4039ED../LD,.
= 0.00471 Ca - 0.00043 P +0.2736ED50/LD10
= -0.00673 A - 0.00414 P +0.8434EDSO/LD,â€ž
= 0.00173 Ca - 0.00537 A - 0.00337 P + 0.6880nÂ«1717Â¡71717171717171717171717131313131313131717171717171713131313131313rÂ»0.2460.3690.6290.6390.6560.6300.7000.0410.5020.3850.5680.3920.5220.570.1030.6160.4870.7820.4940.6330.7880.3710.3640.1880.4200.4010.5740.5740.5760.5040.0820.6260.5790.6940.712i*0.2010.1930.1610.1650.1620.1660.1590.0470.0410.0430.0400.0450.0410.0410.0900.0710.0790.0590.0820.0730.0610.1340.1350.1420.1360.1370.1220.1270.1810.1910.2200.

1810.1890.1670.172

1n, number of compounds included in the calculation.
6r, correlation coefficients.

v. the residual standard deviation.
* Ca, percentage for carbamoylating activity.
'A, percentage for alkylating activity.
' P, percentage for distribution coefficients.
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The correlation coefficients, r, for Equations 1 to 3 show
that there is greater individual correlation of distribution
coefficient, P, than of carbamoylating activity, Ca, or
alkylating activity, A, with the LD,0, but the combination
of Ca and A (Equation 4) gives as good correlation as P
alone (Equation 3). On the other hand, combination of Ca
with P (Equation 5) or of A with P (Equation 6) gives no
better correlation than P alone (Equation 3). Combination
of all 3 parameters (Ca, A, and P\ Equation 7) yielded only
slightly better correlation than that for Equations 3 to 6.
These results might be interpreted as indicating that lipid
solubility is a major factor in determining the LD10's of

nitrosoureas, but the carbamoylating and alkylating activi
ties are also important factors. The degree of correlation of
Equation 7 compares favorably with that obtained when the
data for LD10's and distribution coefficients are introduced

into the functions suggested by Mansch et al. (4), as shown
below.

n r s
log l/LD,o = -0.183 log P 17 0.678 0.241

+0.819
log 1/LD10 =-0.059 (log/1)2 17 0.739 0.229

-0.193 log/>
+0.924

Thus, the multiparameter linear function (Equation 7)
yields about as good a correlation as the 2nd-order function
of Mansch, by which only the relationship between LD10and
distribution coefficient was examined. It is also reasonable
to use the multiparameter linear function, because it would
certainly be expected that the carbamoylating activities and
the alkylating activitÃ©swould supplement the solubility
properties in determining the biological effects.

Consideration of the data for ED99 (Equations 8 to 14)
and for ED50 (Equations 15 to 21) lead to similar conclu
sions. (Values of EDsoand ED50/LD,0that are proceded by
a > sign in Table 1 were omitted from the computations.)
There is little correlation between Ca individually and ED99
(Equation 8) or ED50 (Equation 15), and there is better
corelation of A than of P with both ED99 (Equations 9 and
10) and ED50(Equations 16 and 17). Combining A with Ca
improved the correlation (Equations 11 and 9, 18 and 16)
more than combining A and P (Equations 13 and 9, 20 and
16), and the combination of A, Ca, and P gave no better
correlation than the combination of A and Ca (Equations 14
and 11,21 and 18). Combination of P and Cagave no better
correlation than P alone (Equations 12 and 10, 19 and 17).
These data indicate that A is the major factor in determin
ing the ED99 and the ED50 and that Ca supplements the
effect of A more than P supplements the effect of A.

Similarities are also evident upon consideration of the
equations for ED99/LD10 (Equations 22 to 28) and for
ED50/LD10 (Equations 29 to 35). Individually, there is more
correlation of ED99/LD10with Ca and with A (Equations 22
and 23) and of ED50/LD10 with Ca and with A (Equations
29 and 30) than of these therapeutic indexes with P
(Equations 24 and 31). Combining A and P improves the
correlation (Equations 27 and 30) more than combining Ca
and A (Equations 25 and 32) or Ca and P (Equations 26 and

33), and the combinations of A, P, and Ca yield no
significantly greater correlation than the combination of A
and P (Equations 28 and 27, 35 and 34).

Because of the small number of compounds included in
this study and because of the complexity of the multifactoral
interactions of biological systems with drugs that possess a
plurality of chemical and physicochemical properties, one
must be cautious in interpreting data such as those pre
sented here. Nevertheless, several conclusions are suggested
below.

Solubility, as reflected by the distribution coefficient, is
the dominant single factor in determining the relative
toxicities of these nitrosoureas to mice. Perhaps this simply
indicates that for a series of compounds the chemical
reactivities of which fall within a relatively narrow range,
those compounds having the more nearly optimal degree of
lipoid solubility to permit the compound to reach the critical
sites for toxic effects are the most toxic. (Regardless of the
chemical reactivities of compounds, if the compounds do
not reach the critical sites in sufficient quantities, they have
low toxicities.) Superimposed upon this propensity for
dissemination in the animal are the chemical reactivities of
the compounds, and in these experiments the correlation of
the combined carbamoylating and alkylating activities with
the LD10 is as good as that of the distribution coefficients
with the LD10. The negative signs for the coefficients of Ca
and A indicate that the compounds with the greater
carbamoylating and alkylating activities are the most toxic.
The positive signs of the coefficients of P indicate that
among the compounds included in this study those with the
lower distribution coefficients are the more toxic.

Alkylating activity is a major factor in determining the
quantity of compound that is required to give a therapeutic
response, as measured by the ED99and the ED50, while the
carbamoylating activity is a much less important single
factor in determining the ED99and ED50 than in determin
ing the LD,0. Nevertheless, it appears that the car
bamoylating activity supplements the alkylating activity in
producing a therapeutic response more than the relative
lipoid solubility supplements it.

The therapeutic indexes, ED99/LD10 and ED50/LD10,
are measures of the relative toxicities of the compounds to
the leukemic cells in comparison to the hosts, and hence
they reflect the interplay of influences of chemical and
physicochemical parameters upon these 2 biological effects.
The positive signs for the coefficients of Ca in the equa
tions for ED99/LD10and ED50/LD10contrast with the nega
tive signs of the coefficients of Ca in most of the equations
for LD10, ED99, and ED50. These positive signs indicate
that the greater the carbamoylating activity the poorer the
therapeutic index. On the other hand, the signs of the co
efficients of P are negative in the equations for ED99/LD,0
and ED60/LD10, while they are positive in most of the
equations for LD10, ED99, and ED50. These negative signs
indicate that among the compounds included in this study
those compounds with the higher distribution coefficients
contribute toward improving the therapeutic indexes. Al
though the alkylating activity contributes significantly to
both the toxicity to the host and to the leukemic cells, the
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differential effect is such that the higher alkylating activ
ity contributes toward improving the therapeutic indexes.
Therefore, these data suggest that the nitrosourea having
optimal therapeutic activity against i.p. implanted L1210
leukemia would have low carbamoylating activity, high
alkylating activity, and a distribution coefficient falling at
the upper end of the range for the compounds included in
this study. As Johnston et al. (6) found that the nitrosoureas
bearing a 2-haloethyl group on jV-1 were the better anti-
leukemic agents against leukemia L1210, as all of the com
pounds included in the present study contained a 2-halo
ethyl group on 7V-1,and as the relative alkylating activities
of these compounds might simply reflect the relative chem
ical stabilities of the compounds, the preceding statement
might be altered to state that the nitrosourea with optimal
therapeutic properties would be a l-(2-haloethyl)-3-sub-
stituted-1-nitrosourea with low carbamoylating activity,
relatively low chemical stability, and a distribution coeffi
cient falling at the upper end of the range for the com
pounds included in this study.
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