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A method was developed for determining the comparative chemical alkylating activities of various types of 
nitrogen mustards and aziridines. A series of 10 new and 25 known compounds were studied with respect to 
their relative alkylating activities, rates of hydrolysis, toxicities, and tumor-inhibitory effects. Results of the 
chemical studies led to a new mechanistic interpretation of the Siil- and Sx2-type reactions of the aromatic nitro- 
gen mustards; clear distinction between the alternative mechanisms was possible with the aid of the newly 
synthesized iodo- and “branched-chain” mustards. Comparison of the relative biological activities of the latter 
compounds with their relative S N ~ -  and Sx2-type reactivities (“% hydrolysis” and “alkylating activity,” respec- 
tively) indicated that their biologically significant in vivo reactions must follow an Sxl  course. It is suggested 
that the general structure proposed for the transition state may be helpful in the design of more selective agents. 

I n  the course of our work on the synthesis of “dual 
antagonists” containing an alkylating function as one 
of the two synergistic inhibitors incorporated into a 
single molecule,2 it appeared of interest to determine 
the contribution of the alkylating moiety to the total 
biological effect of such compounds. For this purpose, 
we sought to develop a practical method for the com- 
parison of the chemical reactivities of various alkylating 
agents with respect to a model nucleophile which would 
bear some resemblance to the biologically significant 
sites of the in vivo alkylation of nucleic acid purines 
and pyrimidines, e.g., the Y-7 position of guanine. 
This paper presents a comparative study of various 
types of nitrogen mustards and aziridines with respect 
to (1) their in vitro reactivities in the alkylation of the 
heterocyclic nitrogen of 4-(p-nitrobenzyl)pyridine, 
( 2 )  their relative rates of hydrolysis, and (3) their 
biological effectiveness. 

The use of 4-(pnitrobenzyl)pyridine (NBP = B) as 
an analytical reagent for the quantitative determina- 
tion of aziridines and nitrogen mustards was first pro- 
posed by Epstein, et u Z . , ~  and has been applied since by 
several investigators4 for the estimation of the concen- 
tration levels of specific alkylating agents in blood and 
animal tissues. According to this procedure, equal 
volumes of various known concentration levels of a 
given alkylating agent are heated with a large excess 
of the S B P  reagent for a standard period (20 min.) of 
time; after cooling and addition of alkali, the intensity 
of color development is determined spectrophoto- 
nietrically by measuring the absorbances a t  600-mp 
wave length. By plotting these values against the 
Concentration levels of the alkylating agent, a straight 
line is obtained; this is then used as the standard in the 
estimation of unknown concentrations of the same 
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alkylating agent in blood or tissue extracts. The reac- 
tions leading to the formation of a colored product (D) 
niay be represented by the following equations. 
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D 

Thus, the absorbance a t  600 nip, which, according to 
Beer’s law, is proportional to the concentration of the 
chroniophor (D) formed upon the addition of alkali to 
the initial product of the alkylation reaction (C), is 
directly related to the extent of alkylation of B. The 
observed linear relationship between the alkylating 
agent concentration arid absorbance, therefore, im- 
plies that the extent of alkylation within the given time 
period is proportional to the initial concentration of the 
alkylating agent. 

In order to  study the rate of alkylation, the above 
procedure was modified by varying the reaction time 
(heating time) a t  a given initial concentration of the 
alkylating agent. In this case, the absorbance read- 
ings were plotted against the corresponding reaction 
times. The points obtained throughout an initial time 
period (the length of which depended on the reactivity 
of the alkylating agent, as well as its rate of hydrolysis 
a t  the reaction temperature employed) appeared to fall 
on a straight line, from which they started to deviate 
only when the consuniption of the alkylating agent in 
this reaction (and in the “competing1’ reactions, see 
below) resulted in a significant decrease of its initial 
concentration (see Figures 1 and 2 ) .  

The reaction of NBP with the alkylating agent is 
S N ~ ,  as indicated by its rate dependence on both the 
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Figure 1.-Comparative reaction rates of various alkylating 
The compouiids are identified by agents with NBP at  SO". 

their corresponding numbers in Table I. 
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Figure 2.-Comparative reaction rates of various alkylating 
The compouiids are ideiitified by agents with XBP at 50". 

their Corresponding numbers in Table I. 

alkylating agent concentration (see above) arid the 
concentration of S B P  (see Figure 3). From the 
integrated second-order rate equation 

111 -__ 
1 h.t = ~ 

a - b 
b(a  - 5 )  

a ( b  - 5 )  

where a and b are the initial concentrations of the 
alkylating agent and SBP,  respectively, and x is the 
aniount reacted in t time. If b >> a 

01' 

a - ' - - e-bkt 
a 

and 
5 = a(1 - e--bkl) 

Expansion of the exponential terin by :\laclaurin's 
series gives 

(bk t )*  ( b k t ) 3  1 - 1 + blit - - -- + ----- 
2 b 

- . . 

111 the initial phase of the reaction, when x << w arid 
bkt << 1, the quadratic and higher power terms may 
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l’ig:iu.(~ .3 -1t:ite tlrpriideucae (if the alk\ Is t io t i  ~e:tc*tioii o i i  tfw 
i i i i t i a l  coiicciitrntiriii of the iiwleophile (XBI’) The initial 
I oiiceiitratioii of the :Ilk) latiny agent (phenyl iiitroyeri miistnrd, 
1) 15 kept constant ( 0  2 pmcde) 

tie neglected. Thus ;c - abl;t, that is, the amount of 
the alkylating agent reacted with NBP during the ini t ial  
phase of t hc reaction is, in first approximation, propor- 
t ional to the iiiitial conceritratioris of the reactants a5 
~rcll as to  lh(. rclaction tinic. Since this linear rela- 
tioti4iip dcpeiids oii the condition that blzt << 1, its 
validity ext c ~ d 5  through a longer time period (larger t i  
i f  k. i q  smaller, i e . ,  ir i  t h(. case of less reactive alkylating 
a g ~ i i t s ,  or ,  at a Ion-er wactioii teniperature. This is iii 
agrec~iiieiit with the r~perinierit a1 results, as shown in 
I’igureh 1 and 2 [coinpaw, e.g., the absorbance US. tinic 
plot 5 for 1 at 80’ (Figure 1) and at 50’ (Figure 3 ) ] .  

Hoivwcr, alliylntiori of NRL’ is not the only reactioii 
wliich rcduccs the coiicentration of the alkylating agent. 
Taking into acco iu t  the “coiiipeting” hydrolysis rear- 
tion, tlic corrccted concentration change can be detcr- 
mined from the equation (for b >> a )  

(1s 
(I/ = k ( t l  - I f h , , l c l  - i I = I/,!/ + , k , ) [ O  - .TJ 

i n  which I is the  first-order ratr constant for the hy- 
di.olyqii of the alkylating agciii . Integration and 
rvaliiai ioii of tlie constant at zero t inie gives 

i’roiii n.liicli, by analogous trcatnient as above, ihe total 
aiiiourit reacted will become 

i’ N a(h.0 + k,vlt 

This relationship is based 011 the condition that (kb  + 
I;,)t << 1. Since only by neglecting the higher power 
niembers of the corresponding 3Iaclaurin’s series can 
we correctly separate tlie terms pertaining to the alkyla- 
t ion arid hydrolysis reaction, respectively 

.c ,- ctbkt + (ll<\$( .?)> + ;rb, 

il i’ollom that the espressioii for the alkylation rcac- 
tioii per ,se (.& - ab];!) is also subject to this, inore 
striiigerit’ restriction.5 This iiiearis that  the magni- 

f.51 If fr i r thei  ~ ~ u r r e c t i o n s  arc> niarle fur the reactions of the alkylaririg 
itgent a i t l i  t l i r :  alriihol and tile buffer (phthalate) ions present in the reac- 
tion niistiirr, tlie expression for ihe total amount reacted will be modified t u  

rc rqkh $- k ,  f t k,c)i 
111 \\ l i i i , l i  k, is the first-order rate cnnstitnt for the solvolytic reactlon with 
:it?oIiol, 6 , :  I S  the  second-order rate runsiant for the alkylation of phthalate, 
iinil (1 i d  the  initial mncentratiori of the phrhalate ions (c  > > nj. The condi- 
tion f i j r  tlir yalirlity of this eyyression is that the iiroduct (kh + I;,q + ks i- 
i.,.,,)t :‘ < I ,  and this furtlier rePtrirtion \ r i l l  apply also to the alkylation tern], 
xi, - ahkt. 

III  comparing various alkylatiiig ageiits, it may 
awuiiicd that the factor (Y will show little mriatioti, 
sirice the chroniophor systeni of D is the same i n  each 
case, aiid thc differences iri t l ic  It-groups attached to i l  
( i l l  niost c a w  through an idcntical ethylaiiiirie chain) 
n-ill havc little influence on t l i e  iiiolar absorbance at 
GO0 11111.. By usiiig thti m i iv  itiitial concentrations or‘ 
the reactants (a  = 0.2  inol ole, /I = 240 pmoles), the 
(oiiiparatiue alh~jlating art i i i ty  iiiay be defined as 

i i i  nliich the nen coilstant $ iiicludes the standard 
iiiit ial cwiicetitratioiis of the reactants. Thus, the I,’ 
values of vai ious alkylating agents limy be detertilined 
by plotting the absorbance readings I‘S. time and deter- 
mining the slopes of the linear plots. In tiiost cases, 
tlie reaction is carried out at 80’ and, accordingly, ks0’ 
is tieteriuined : hon ever, for vcty react we alkylat irig 
agents (high 1: or I,\,) a lower reaction tciiiperature has 
to  he employed. In the l a t h  case, the rate study is 
cwidiictcd at Z O O ,  and the X j o ’  valiies arc. used for coiii- 

parisoli. 
thc Xbo’ and or Xdll’ valucs lor a wries of 

3 1;non-n alkylating agents. I’or coiii- 

parison, the *‘!h hydrolysis” values are given as dctei- 
tiiined by Ross’ methodb at 66’ iii water -acetone; tliese 
data are related to (but, of couise, not identical with) 
the I,, values, i.~., the first-order rate con5tants for thc 
hydrolysis of thcse c~iiipounds.~ 

I t  is iiiiiuediately apparent froiii Table I that, i i i  t h c k  

nroniatic nit i’ogcii mustard series, tlie alkylating :w- 
tivity and tlie hydrolysis rate are both striliingly dc- 
p c d r i i t  o i i  1 lie basicity of thcl iiitrogen. Electroil- 

Iocs J .  Clirm \ o i  i b ,  ( I W W  (I)! Idiui i .  ( i i i i i ~ r  I?r,  
1 1 7 1  .V 1‘ l i n d  k !  , 68, bh‘l l l ‘ l i 8 )  (11) “Hiolugiral 
R u t t a r u o r t h s  I ondon Iqh2 U P  101-106. 
u a s  adopted because of its l (~ng-stan 

< oinyari-on uf aiornati< nitropen miistarcis and because the 
\alrrr.\ iletermineri b> this methoci UFTP a \  ailable from i 
-ome of th r  hnonii cornpnund.; ~ n ~ l u d e d  in oiir s tud r .  I t  v o d d  be prefrr- 
aiilr, of cour>e, to  t iale coniparatir. t’ l i \ i l ro l~s is  rate da ta  for  the samr 
tviiiperatures and solLent $~s ien i  n v i t  i i s r i l  f o r  t l i e  drtrrrnination of 

[n siii,swirient \ t i i i I i p \  on  a f r  u s e l e ~  ted c o n ~ p o u n ~ l \  
( lett  rininaiion cjf tile aI i t e  rdie ~ ~ i i s t a n t ~  o f  t h e  alh\latlon reaction i k i  
IIICI ui tlie iomprtinq i ra i t iuns A ,  mil i. I 111 the samt’ 5ystein \ i l l1  b t  

‘ltLrn1l)tf d. 

i ~ i t i e s .  



March 1965 COMPARATIVE ACTIVITfES OF ALKYLATING AGENTS 171 

attracting ring substituents para to the nitrogen dramat- 
ically decrease, while electron-releasing substituents 
considerably increase the reactivities of the parent 
phenyl-nitrogen mustard (1) with respect to hydrolysis 
as well as nucleophilic substitution. Apparently for 
the same reason, “one-arm” phenyl-nitrogen mustards 
which have a secondary amino group (14 and 15) are 
quite inert in both types of reactions, while methyl sub- 
stitution (16) and, particularly, ethyl substitution (17 
and 18) on the nitrogen greatly increase their reactivi- 
ties. This is in agreement with the relative basicities 
of the nitrogen in these compounds (compare with the 
pka values of aniline, 4.62; S-niethylaniline, 4.85; and 
S-ethylaniline, 5.11; see also Ross6). In  fact, the 
values for ‘‘yo hydrolysis” and “alkylating activity” 
shorn quite good parallelism in their relative magnitudes 
through a whole series of mono- and difunctional aro- 
matic nitrogen mustards which structurally differ from 
each other in the nature of the para substituent or (if 
monofunctional) in the N-substitution. I t  is evident 
that, in the case of the aromatic nitrogen mustards, 
both types of reactions, i e . ,  the Ssl-type hydrolysis 
and the Ss2-type alkylation, are equally and decisively 
dependent on the magnitude of anchinieric assistance 
provided by the urishared electron pair of the nitrogen 
atom; therefore, the rate-controlling step in both reac- 
tions must involve a similar reactive intermediate (as 
shown below). 

This parallelism between the alkylating activities 
and hydrolysis rates of aromatic nitrogen mustards 
breaks down in the case of alkyl substitution in the p- 
carbon. Compound 25, in which one of the alkylating 
side chains is a 2-bromopropyl group (ie., a secondary 
instead of a primary halide), is considerably more reac- 
tive in hydrolysis and slightly less reactive in alkyla- 
tion than its bis(2-bronioethyl) analog 24. This di- 
vergence of relative reaction rates in the case of second- 
ary halides gives strong support to the theory that the 
hydrolytic reaction follows Sx1 niechanisiii (promoted 
by the polar effect of the methyl group which results in 
greater stability of the secondary carbonium ion inter- 
mediate) while the alkylation is a typical Srv2 reaction 
(adversely affected by steric hindrance). 

Replacement of the chlorine with broinine greatly in- 
creases the rates of both reactions due to the greater 
polarizability of the C-Br bond. All bromo mustards 
listed in Table I have much higher k’ and “% hydrol- 
ysis” values than their respective chloro analogs. Re- 
placement of the bromine with iodine appears to have 
a niore complex effect. All iodo inustards included in 
our study showed considerably lower rates of hydrolysis 
than the corresponding bromo compounds (the same 
C1 < I < Br order of hydrolytic reactivity was noted by 
Ross6). On the other hand, of the same five iodo coiii- 
pounds, the three niost reactive ones (26-28) showed 
either higher or equal alkylating activities than their 
respective bronio analogs (20-22, respectively), while 
the remaining two iodo compounds (29 and 30, members 
of the much less reactive sulfonamide mustard series) 
showed less alkylating activity than the corresponding 
bromo mustards (24 and 25, respectively). Since the 
C-I bond is niore polarizable than the C-Br bond, the 
iodine is a better “leaving group’’ than the bromine, and 
iodo conipounds are generally more reactive than 
bronio conipounds in solvolysis as well as riucleophilic 

displacement. However, the iodide ion is also a better 
nucleophile than the bromide ion (the difference in 
nucleophilicity is niuch greater between I- and Br- 
than between Br- and Cl-),E and this would favor the 
reverse reaction, particularly if the reactive inter- 
mediate still contains the halide in a loosely bonded (or 
“intimate ion”g) form to allow internal return. The 
latter effect apparently predominates in the case of 29 
and 30 which have the least basic nitrogen, but it is 
relatively less iniportant in the alkylation reactions of 
26-28, in which the more basic nitrogen effectively dis- 
places the iodine and gives rise to a reactive inter- 
mediate more closely resembling an aziridiniuni ion (see 
below). Therefore, in the latter case, the greater re- 
activity of the C-I bond balances or outweighs the op- 
posing effect of the greater nucleophilicity of the iodide 
ion. 

In  order to explain the significantly lower hydrolysis 
rates of all iodo mustards, it has to be assumed that the 
poorer solvation of the iodide ion (in comparison to the 
chloride or bromide ion) provides less of the energy re- 
quired for the transition state of the hydrolytic reac- 
tion, and has, therefore, an additional, comparatively 
adverse effect on the rate-controlling step. 

On the basis of the above experimental results and 
considerations, the reaction mechanisms for the hy- 
drolytic and alkylating reactions of the aromatic nitro- 
gen mustards may be formulated as shown in Chart I. 

CHART I 

Ar -N-CHz-CHzOH 
I 

R’ 

+ l  

I‘ CHz-: I [NBP] 

Ar-N-CH~-CH2-+[NBP] - Ar-N:‘ I 
I I \  

R‘ 
I \ ’  

R’ CH2 
A-2 

According to this proposed mechanism, the high-energy 
transition state of the hydrolytic reaction (A-3) is a 
solvated carbonium ion-nitrogen dipole (which has a 
conformation similar to an aziridine ring) ; collapse of 
this solvated ion-dipole gives the hydrolysis product. 
The transition state of the alkylation reaction is an 

(8) (a) A. Streitweiser, Jr., “Solvolytic Displacement Reactions,” >IC- 
Graw-Hill Book Co., Inc., New York, N. Y., 1962, p. 107; (b) J. Hine, 
“Physical Organic Chemistry,” 2nd. Ed., McGraw-Hill Book Co., Inc., 
Kew York, N. Y. ,  1962, p. 161. 

(9) S. Kinstein. E. Clippinper, A. H. Fainberg, R. Heck, and G. C. Robin- 
son, J .  Am. Chem. Soc.. 78,328 (1956). 
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Figure 5.-Correlation of alkylating activity (ksa')  and molar 
antitumor activity (ED,,) data for difunctional nitrogen mus- 
tards and aziridine derivatives. The compounds are identified 
by their numbers with reference to Table I. 

the aroiiiatic nitrogen mustards more closely parallel 
their Ssl-type solvolysis reaction, than their Sx2- 
type in vitro alkylation reaction with a heterocyclic 
nitrogen coinpound. Although the in vitro "alkylating 
activities" of these agents would be different against 
other iiucleophiles (e.g., sulfhydro compounds), the rela- 
tive effects of @-methyl substitution, or, of replacement 
of the halogen with iodine, would be expected to re- 
main the same; i.e., as long as the reaction proceeds by 
an S N ~  mechanisiii. Therefore, it s e e m  that whatever 
the biologically significant reactions of these coiii- 
pounds may be, their rate-controlling step is the forma- 
tion of a transition state more similar to a solvated 
carbonium ion-nitrogen dipole (A-3) than to an aziri- 
diniuiii ion-"Ss2 complex" (A-2). I t  might be expected 
that this type of transition state would react with the 
surrounding water molecules to a much greater extent 
than with the nucleophilic groups of the biologically im- 
portant cell constituents. In order to obtain selectivity, 
it is necessary, therefore, to design alkylating agents 
which would generate an 6 - 3  type transition state only 
in the immediate vicinity of the desired site of action. 
Compound 8 s e e m  to be an example of such an agent. 
Other selective coinpounds may be designed by steric 
alteration of this transition state in a manner favoring 
"close fit" and binding at the desired site. Prepara- 
tion of new compounds based on this preinise is in prog- 
ress. 

Experimental 
New Syntheses. N-(2-Chloroethyl)aniline Hydrochloride (14). 

-This compound was descibed in the early chemical literature, 
but the following, much simpler method was used. Aniline (100 
ml., 0.93 mole) and ethyleneoxide (50 ml., 1.0mole) were dissolved 
in 150 ml. of absolute ethanol, and 1 g. of p-toluenesulfonic acid 
was added. Stirring was continued for 24 hr., and the product, 
2-anilinoethanol, was separated by distillation; b.p. 162-163" (12 

(15) (a) J. Kemisovsky, J .  prakt .  clrem., [Ill 31, 175 (1885); (b) G. R. 
Clemo and W. H. Perkin, J .  Chem. SOL.,  126, 1804 (1924). 

mm.), lit.I6 157-158" (13 mm.). This compound (15 g., 0.11 
mole) was allowed to react with phosphoryl chloride (12.6 ml., 
0.137 mole). Theyellow, viscous liquid formed was stirred for 15 
min. a t  room temperature and for 30 min. a t  50'; then 25 ml. of 
benzene and 250 ml. of ether were added and the mixture was 
cooled. B white crystalline product was obtained; m.p. 158- 
E g o ,  Iit.l6 158", yield 13 g. (567,). 
p-[(2-Chloroethyl)amino] benzoic Acid Hydrochloride (15).- 

Ethyl p-(2-hydroxyethyl)aminobenzoate (7  g., 0.33 mole) in 
chloroform (100 ml.) a t  0' was treated with phosphorus penta- 
chloride ( 7  g., 0.33 mole) with stirring. An immediate white 
precipitate occurred and the mixture was refluxed for 2 hr. 
and then filtered to give crude ethyl p-[(2-~hloroethyl)amino]- 
benzoate. This compound was hydrolyzed to the acid by re- 
fluxing with concentrated HC1 for 2 hr. Partial evaporation 
and chilling gave white crystals of the amino acid hydrochloride 
which were recryst'allized from aqueous acetone to give needles 
(3.5 g., 3474, m.p. 215'. 

Anal. Calcd. for CSH11C12SOS: C, 45.9; H, 4.66; C1, 30.04. 
Found: C, 46.15; H, 4.68; C1, 29.81. 

p -  [(  2-Chloroethyl)ethylamino] benzoic Acid Hydrochloride 
(lS).-AIethyl p-(ethy1amino)benzoate (36.0 g., 0.2 mole) dis- 
solved in 4 S acetic acid (250 ml.) was stirred a t  O", and ethylene 
oxide (9.7 g., 0.22 mole) was added. The mixture was stirred 
overnight a t  room temperature and filtered from unchanged 
starting material. The filtrate was neut'ralized and the oil was 
extracted with chloroform, dried (anhydrous sodium sulfate), 
and distilled to givemethyl p-[ethyl(2-hydroxyethyl)amino] benzo- 
ate as an oil (13 g., 307,), b.p. 220" (10 mm.). The compound was 
apparently crude since a satisfactory elemental analysis was not 
obtained, and it was chlorinated and hydrolyzed according to the 
procedure described by Everett, et al.," to give p-[(2-chloroethyl)- 
ethylamino] benzoic acid hydrochloride (4.4 g., 4953), n1.p. 
152-153', from aqueous methanol. 

Anal. Calcd. for CllH,,CI2XO2: C, 58.2;  H, 6.21; C1, 26.85. 
Found: 

N4-(2-Chloroethyl)-N*-(2-chloropropyl)sulfanilamide (19).- 
Propylene oxide (12.8 g., 0.22 mole) and 2-anilinoethanol (27.4 
g., 0.2 mole) in benzene (50 ml.) were heated a t  100" for 12 hr. 
and distilled to give 1- [N-(2-hydroxyethyl)anilino] -2-propanol in 
near quantit'ative yield as a viscous oil, b.p. 210-215' (10 mm.). 

Anal. Calcd. for CllH17N02: C, 67.7; H, 8.77. Found: 
C, 67.3; H, 8.6. 

N-(2-Chloroethyl)-N-(2-chloropropyl)aniline was prepared 
from the alcohol according to the general method of Robinson 
and Watt.I8 It was obtained in 6 5 5  yield, as a viscous, pa.le 
yellow oil, b.p. 170-172" (10 mm.). 

Anal. Calcd. for CllH15C12X: C, 56.9; H, 6.51. Found: 
C, 57.2; H, 6.2. 

A solution of the chloro compound (23.2 g., 0.1 mole) in dry 
carbon tetrachloride (50 ml.) was stirred a t  0-5' during the drop- 
wise addition of chlorosulfonic acid (25 ml.). The reaction 
mixture was heated slowly to 100" and then maintained a t  120- 
125' for 4 hr. The mixture was poured onto ice, and the oil was 
extracted with five 100-ml. portions of chloroform; the chloroform 
extract was dried (Na2S04), treated with Yorit A, and stripped a t  
20" to give crude N-(2-chloroethyl)-N-(2-chloropropyl)sulfanilyl 
chloride as an unrecrystallizable oil. This was dissolved in 
dioxane (75  ml.) and added with stirring to "*OH (100 ml., 
d 0.880) a t  10". The mixture was then stirred vigorously a t  
room temperature for 30 min. and poured into ice-water to give 
19, yield 14.8 g. (45yG) of pure material, m.p. 109-111" (ben- 
zene). 

Anal. Calcd. for CiiH&12N202S: C, 42.6; H, 5 . 2 ;  C1, 22.8; 
S, 9.0. 

N4-( 2-Bromoethyl)-N4.( 2-bromopropyl)sulfanilamide (25).- 
The corresponding chloro compound (19) (10 g., 0.3 mole) and 
20 g. of anhydrous lithium bromide in 4-methyl-2-pentanone (125 
ml.) were refluxed for 6 hr. The solvent was removed and the 
residue was washed well with water and recrystallized from ben- 
zene to give 25 (10 g., 74%), m.p. 116.5-117.5'. 

Anal. Calcd. for CllH16Br2N202S: C, 33.1; H, 4.03; Br, 
39.9; N, 7.05. Found: C, 33.4; H, 4.1; Br, 39.9; N, 7.37. 

N4-(2-Iodoethyl)-N4-(2-iodopropyl)sulfanilamide (3O).-The 
corresponding bromo compound (25) (8 g., 0.02 mole) and an 
anhydrous sodium iodide (20 g.) were refluxed in acetone (75 ml.) 

C, 58.16; H, 6.27; C1, 26.45. 

Found: C, 43.1; H, 5.3; C1, 22.64; N, 8.92. 
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(1953). 
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