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The following colmponnds were evalunted for effecis on repro-
duetion in the Japaunese quail lmt were without effect at dietary
levels us high as 400 p.p.an.: Ny N'-diethyl-N)N"-hist dichloro-
acetyl)-1,4-xylylenediainine, N,N -bis(dichloroncetyl)-1.8-o0cta-
methylenediamiune, 7, 8, and 10.

Discussion of Biological Results

In the sertes of alkylene and xylylenediannnes used
a8 curiers for alkylating groups all active compounds
m the fly reproduction experiments had the aziridinyl-
neetyl grouping uas the alkylating function. Even
with that grouping in the case of the N-ethyl deriva-
tive (3) no activity was noted. The octamethylene
dertvative (12) was clearly the most effective while
the wm-xylylene derivative (9) showed some effect.
The lack of activity of the benzyl derivative (20)
would indicate the need for at lenst two alkylating
groups per mole.
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The hick af activity of the N-ethyl derivative (3)
and the nitrogen mustiuds (6 and 15) cmphasizes
the spectfieity of activity toward inhibiting reproduc-
tton both with regard to the aurrier molewy and the
alkylating function.  Current work i these laborn-
tortex 12 concerned with defining these parameters in
greater detatl and, i addition, nvestignting species
=peetfietty m the Japanese quatl and i the it
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Procedures have beeu developed for the preparation of nitrogen mmustard derivatives contaiuing amino, di-
methylamino, and trimethylammonio groups separated from the mustard group by two-, three-, four-, and five-

carbon chains.

tumor activity and were muich less toxic.

Barlier reports have indicated interesting biological
properties for a variety of basic heterocyclic com-
pounds with bis(3-chloroethyl)aminoalkylamino side
chains,?™* related to nitrogen mustard [HN-2, I,
CH,;N (CHo,CH.Cl)s ], Furthermore, it is likely that
analogs of such compounds might be fornied in viro
through alkylation of primary, secondary, or tertiary
nitrogens in proteins, DNA, RNA, or other basic
constituents of cells, It, therefore, seemed desirable
to study shmple anino- and ammonio-substituted
mustards, especially since one of the simplest possible
analogs, B-aminoethylbis(8-chloroethyl)amine, has
shown very promising activity at least comparable to
HN-2 in our laboratories and elsewhere.®

The compounds selected for study may be represented
by the following general structures.

X-(CH2):N(CH,CHLCl): N~(CH:)sN(CH,CH.Cl).

11 111
N-(CH.);CH(CH;)N({CH,CH,C1). N+{(CH,)sN{CH,CH.Cl),
IV V {c only)
a, X = NH,
h, X = N(CH;),
¢, X = N*H(CH;)Cl—

Since the ethylenediamine derivatives (IT) showed
the most interesting biological activities, a more ex-
tensive series was prepared for biological testing.

(1) Supported in part by U, 8. Public Health Service Grant No. Cy-2714.
Abstracted from the doctoral dissertation of G. Kabas, June 1960.

(2) R. Jones, Jr., C. C. Price, and A. K. Sen, J. Org. Chem., 82, 783
(1957).

t3) H. J. Creech, R. M. Peck, and R. K, Preslon, J. Am. Chem. Noc.,
81, 3984 (1959).

A p-trimethylammonio group diminished the reactivity of an aniino group so that it was possible
to introduce only une hydroxyethyl group by reaction with ethylene oxide.
mustards to have toxic and antitumor properties similar to HN-2,

Biological tests indicated the amino
The amnonio mustards were devoid of anti-

The required diols were prepared by either of two
methods: (1) N,N-dialkylethylenediamine, prepared
by the method of Turner? was converted to the cor-
responding diol by reaction with ethiylene oxide, or
(2) N, N-dialkylaminoethy! chloride was treated with
diethanolamiue.*

Since it may be assumed that nitrogen mustards
related to ethylenediamine could cyelize to piperazine
derivatives, a related series of N-2-chloroethylpiper-
azines was also prepared.

The conversion of ethylenedianiue to the mustard
derivatives I1la and ITb was accomplished by the re-
actions ourlined below.?

1. C:H:O
H.NCH,CH«NHA¢ ~———> (HOCH,CH, ), NCH,CH.NH.
2, 101 I

1. CH.0, HCOONU ampe
2. 1, 8001 / \"0“2

1Ib-2HCI (m.p. 157°) ITa-2HCI (in.p. 140°)

The conversion of the methylated diol IT to ITb was
not successful unless it was first converted to the hy-
drochloride. Reaction of the free base gave an en-
tirely different product, m.p. 257° dec., which may
have been the cyclized piperazinium isomer, although

(4) H. H. Lin and C. C. Price, J. (3rg. Chem., 26, 108, 264, 266 (1961).

¢5) R. Turner, J. Am. Chem. Soc., 88, 1607 (1946).

(67 (i, Drefahl and K. H. Kéuig, Chen. Ber., 87, 1632 (1954).

(7) After we had prepareill 1Ta, it was repectes] Ly Creecli, Pock, and
Preston.?
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analysis indicated the presence of an extra half equiva-
lent of HCI.

We were unsuccessful in efforts to prepare the quater-
nary mustard IIe, but the mono-2-chloroethyl analog
ITe’ was prepared by the following sequence. Evi-

1. LAH s i 1. AgCl

(CH;).NCH,CN ———> (CH;);NCH,CH.NHAc————>
2. AceO 1- 2, HC1
3. CHsI (m.p. 140°)

- C.H.O + .
(CH;);N (CH,).NH,-HC1 —i-—-—> (CH;);N (CH.,).NHCH,CH.OH
Cl- Cl- -HCl

(m.p. 262°) S0CL (m.p. 223°)

(CHa)sXN CH,CH,NHCH.CH,Cl
Cl- -HCI
(nLp. 235°)

dently the positive charge on the quaternary nitrogen
diminishes the nucleophilicity of the amino group and/
or increases the steric hindrance at it enough to pre-
vent reaction with ethylene oxide even at temperatures
of 50-60°.

The preparation of IIla was readily accomplished
from the known diol® III. In this case, conversion of

SOCl:
H.N(CH.,);N(CH.CH.OH ), —> IIla-2HCI
111 (m.p. 154°)

IIT to IIla was successful with the free base as well
as with the dihydrochloride. Evidently cyclization to
a seven-membered ring did not occur as readily as the
formation of the piperazinium ring,

The preparation of III¢ was accomplished by the
following sequence. With the trimethylammonio

LAH
(CH:;)QNCHQCHQCN — (CHg)zN(CH‘Z)ENHZ
l 1. Ac2O
2. CHsl

4 3 st 4
(CHy)N(CH:):N(CH:CH,0H ); <— (CH,);N(CH,),NHA¢
Cl-  (m.p.172°) I-  (m.p.112°)

SOCh\l’

IITc-HCI {m.p. 169°)

group removed by one additional methylene group the
primary amino group reacted normally with ethylene
oxide.

Our efforts to convert 3-dimethylaminopropylamine
to the diol with ethylene oxide gave a viscous oil boiling
over a wide range. While our work was in progress,
we learned of an alternate synthesis and received a
sample of ITIb for biological testing.®

The mustards IVa and IVb were prepared by the
following scheme.!® If the isolation procedure from
the methylation above does not include a vigorous acid
hydrolysis, the main product is the cyclic carbonate,

(8 F. C. Whitmore, H. 8. Mosher, R. R. Adams, R. B. Taylor, E. C.
Chapin, C. Weisel, and W. Yanko, J. Am. Chem. Soc., 66, 725 (1944).

(9) We are indebted to Dr. Koert Gerzon, Eli Lilly and Co.. Indianapolis,
Ind., for this sample.

(10) We are grateful to Dr. B. F. Tullar, Sterling-Winthrop Research
Institite, for the starting material.
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SOCl
CH,CH(CH,);N(CH,CH,0OH), —> IVa-2HCI (1m.p. 215°)

\
NH,

\l CH.0, HCOOH

S0Cl
CHa(‘:H(CHz);’gN(CH‘ZCHQOH)g —> Vb - 2HCI (in.p. 158°)

N(CHy),
v

(CH3):NCH(CH;) (CH,);N (CH,CH,0).CO, b.p. 210-
215° (3.5 mm.),

Numerous efforts to prepare IVe by reaction of
methyl iodide with IVb gave no pure, crystalline
products. Similar efforts with the diol IV gave
similar results. It thus appeared necessary to protect
one amine group during quaternization, and the fol-
lowing scheme was developed. In the reductive

0
CH:;CO(CH:)oCl —> CHsCO(CH)sN
0
(m.p, 74°)
1. DMF, HCOOH, CaCly
2. CHj3!l
0
CH:CH(CHy)sN
+
- CHNT
(m.p. 250°)

CH;CH(CH,)sN(CH.CH;0H).

+
(CHs)sN-C1™
(m.p. 216°)

SOClzl

IVe-HCI
(m.p. 180°)

amination of the ketone to the dimethylamino com-
pound with dimethylformamide and formic acid, the
use of magnesium chloride!! was unsuccessful, but the
use of calcium chloride gave a 9897 vield of the desired
product.

Biological data on these compounds were reported
in detail elsewhere.'? The amino mustards were found
to have a single LDjs of 3-8 mg./kg. compared to
3 mg./kg. for HN-2. In suppression of Ehrlich ascites
tumor, Ila was the most active compound, being
slightly superior to HN-2. However, it is of interest
to note that in the primary amine series IIa is the most
active and IVa is the least active while in the less
active tertiary amine series, the order is reversed.
This suggested to us the possible importance of a
piperazine intermediate from Ila, a possibility further

(11) J. F. Bunnett, J. L. Marks, and H. Moe, J. Am. Chem. Soc.. 15,
985 (1953).

(12) R. J. Rutman, F. S. Lewis, 8. Buckner, C. C. Price, F. Llewellyn,
and E. Owen, Cancer Res., 22, 559 (1962).
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~ e = OH-
S 11C1 S NIE N ® JEK. 3 {6 PO —————— .
Li.p., °C. == ourpl, 0 Mo, O SRR, hISITE 1) J L SpEp——
R Yield, % (mm.) « 11 'l N Yield, *, dee, ! H 1 N
15t 540 L2 (1o 4114 S50 3108 1206 S0 234 B8UOT O TL04 420860 15T
n-1'r 2 114 (0) 5,03 800 2900 1.1 0 254 H0.83 7.7 40.53 1083
n-13n iy 851 46,31 933 2050 11,45 ~i 215 43 4% X .21 38018 10.15
n-Aur (55 9T (L. 1810 9.51 2580 {044 S6 224 45,41 S48 36,71 0,42
Benzyl tHR 128 1y D386 To4h 243 9 61 05 281 .05 6.61 34.00 9.0l

» Calenlated vahies have been deleted npon special request by 1he
¢ R. 8. Ide, E. Lorz, and R, Baltzly [J. Ani. Chen. Soc., 76, 1122 (1954)] report b.p. 128° (21 m).
Buck, . Lorz, and W. Schon [7bid., 66, 263 (1944)] report h.p. 143° (2

caleulated.

explored by the compounds reported tn Table I, but
which did not show superior acitvity. The quaternary
anunonium compounds were nuch less toxie (L1, >
100 mg./kg.) and also were neffective aganst Lhirliels
fumnors as compared to the free amines.

Experimental'?

2-Bis(2-hydroxyethyl )Jaminoethylamine® wasg prepared in
6H.8¢% over-all vield by reaction of monoacetylethvlenedin-
ninett with ethylene oxide in ethanol followed by hydrochlorie
acdd hydrolysis; b.p. 131-132° (0.20 mm.) or 125-126° (0.15
mm.), n2p 1.4944 [lit.? b.p. 110° (0.02 mm.), u®y [.4943].
A dipicrate, in.p. 185-186°, was obtained from ethanol,

Anal. Caled. for CisHeNsO: C, 33.65; 11, 3.66; N, 1845,
Found: C,35.49; H, 3.43; N, 18.64.

The diol was converted to 1-bis(2-chloroethyl}aminoethyl-
amine dihydrochloride (IIa) by reaction in excess thionyl clilo-
ride at 0 and 25°. It was recrystallized from absolite ethanol ax
large plates (60%;), n.p. 130-140° (1it.? 138.5° 1.

1-Bis(2-hydroxyethyl)amino-2-dimethylaminoethane.—To 1
g. (0.108 mole) of 1-bis(2-hiydroxvethyDamino-2-muinverhinne
cooled with an ice-salt bavh, 27.5 g. (0.54 mole) of 95¢¢ {oruic
neid was slowly added with stirring.  After eomnplete addition,
28 g, (0.3 mole) of 35¢% formaldehyde aud some boiling chips
were added. The flask was then placed in aun oil bath at 05
100° for 9 hr. Carbon dioxide was soon evolved. The flask
was removed from the oil bath and after cooling, 32 g. of con-
centrated HCl was added, and the pale browir zolntion was re-
fluxed for 3 hir.  The low-hoiling wmaterinl was removed and the
residile was dissolved in the minimim required amonnt of water.
This water solution was satiated with Na,COy and the separated
organie lnyer was removed. The remaining water solution was
continnously extracted for 24 hr. with CHCL. The combined
extract was dried (K.CO;) and distilled; bL.p. 120-121° (3 mumn. .
vield 12.5 g. (669), n®p 1.4727.

Anal. Caled. for CgHpN:0:: N, 1589, Found: N, 15H.42

It formed a dipicrate from ethanal, m.p. 214°) with softening
at 200°.

Anal.  Caled. for CalueNsOe: C, 37080 11, 4.13;
Found: C, 37.65; H,4.06; N, 17.62.

1-Bis(2-chloroethyl)amino-2-dimethylaminoethane Dihydro-
chloride (ITh).—A solution of 3 g. (0.017 mole) of the above diol
in 20 ml. of dry CHCI; was saturated with anhydrous HC!
wherenpon the solution turned clondy and a very viscous oil
separated. This heterogeneons mixture was heated to reflux.
Over a period of 20 min., 5.1 g. (0.042 mole) of SOCl; in 10 ml. of
dry CHCl; was added. Reflux was continited for 1 hr. The
chloroform was removed and the residue was dissolved in ethanol.
Half of the ethanol used was distilled and the remaining ethanol
was diluted up to 70-80 ml. with absolute ethanol, decolorized
with charcoal, and ether was added nntil clondiness appeared.
After storing overnight in the freezer, the white precipitate was
collected by filtration und recrystallized from the same solvent

N, 17.61.

(13) Elementary analyses by Midwest Microlab, Ine., Indianapolis, 1nd..
and by Galbraith Laboratories, Knoxville, Tenn. All melting points ace
vneorrected.

(14) S. K. Aspinall and AL J. B, J. Ao Clem. See., 61, 822 (1930).

senior author, since in s homologons series the chunges are eusily
¢ R, Balizly, J. 5,
untdand nup. U 2HCT 225°,

mixture to yield 3.6 g (¢47) ol a white erystalline componnd
melting at 156-157°,

Anal. Caled. for ColleCLNG: C) 33.59; 1, 7.05; Cl, 49.58;
N, 970, Found: C,33.65; H, 7.40: C1,47.12; N, 90.00; C1~(con-
ductimetrically) before alkall treatment, 26.51; after alkali
trentinent, 49.51.

N,N-Dimethylethylenediamine,* b.p. 98-102° (lit.* 107°),
wius prepared in 8007 vield by LiAIH, reduction of dimethyl-
aminoacetonitrile. It formed n dipierate from ethanol which
conld be reerystallized from water; m.p. 234-235° (lit. 15 210°).

Anal. Caled. for CpHisNsOw: €, 35,17 H, 3.23; N, 20001,
Fonnd: €, 3538 H, 5.02; N, 2040,

N.N-Dimethy!-N’-acetylethylenediamine.--To n sohttion of 15
. 017 mole) of N, N-dimethylethylenedinnine in 100 wl. of
tolnene, 18 g (0175 wole) of acetic anhydride was carefully
added.  The soluticm wis refluxed for 90 min., the low-boiling
material was removed by distillation, and the oily residine wuas
dissolved in water. The water solution was saturated with
KO0y and continuonsly extracted for 48 hr. with CHCl;.  The
cldoroforn exiract was dried (MgS80y) overnight and distilled.
Dop 825832 (0.7 uim. ), yield 18,5 g, (83.557)

Jduels Caled. for CollpNGO: G, 55.35; H, 10.84;
Fonnd: €, 55.35; 11,10.20: N, 21.16.

2-Acetaminoethyltrimethylammonium Jodide.~T'o . chilled
slution of 13 2. (0.1 viole) of N.N-dimethyl-N’-1cetviethylene-
dimnine in 100wl of absolute ethanol, 3013 g (015 mplet of
methyl iodide was slowly added. The solution was refluxed
for 30 viin., half of (he alcohol was removed by distillation, and
ether wis added mutil clondiness appeared. Upon standing
Iy the (reezer overnmight, 254 g. ol a pale yellow crystalline
compound separated: uep. 139-140° unchanged on reervsial-
lizarion from ethanol-liexane.

Anal. Caled. for CIT-INLO: C, 30.89; 1, G.30; [N, 10.20.
Found: C,30.77 H, 6.26; N, 10.10,

2-Trimethylammonioethylammonium dichloride was prepared
from the iodide with freshly prepared silver chloride in 3¢, HC1
solntion.  Filtration, refluxing in eoneentrated HCL, und evapo-
ration left a white residne, only sparingly soluble in ethanol, but
recrystallizable from methanol; yield 6.3 g. (89%), m.p. 262° dec.

Anal. Caled. for CHCLN: G 34.29; H, 9.21; 1, 40.49;
N, 16.00. Found: ¢, 34.02; H, 9.41; C1,40.30; N, 16.02.

1-(2-Hydroxyethyl jammonio-2-trimethylammonioethane Di-
chloride. —2-Trimethylainnunonioethylaimmoniuin  dichloride (3.3
., 0.02 mole) in 100 ml. of methanol was exactly nentralized
with sodimn ethoxide in ethanol.  After 3 hr. the precipitated
Na(l was removed snd 2.2 g, (0.05 mole) of ethylene oxide in
20 ml of methanol was added over 4 period of 20 min. with ice
cooling.  The reaction flask was allowed to reach roowm tempera-
ture overnight.  The solution was then reflnxed on a water bath
at 40-50° nsing a Dry Tee-acetone cooling system to condense
the ethylene oxide.  After having refluxed the reaetion mixture
for 2 hr., a strenm of anhydrons HCL was bubbled throngh nntil
sufuration. The flask was then stored at 0° for 3 days and 3.5
g. of 1 white ervstalline powder separated. Upon adding ether
to the mother lignor, i additional gram wag obrained. The
combined produet was crvstallized twice from a methanol
ethier or an ethanol-methanol mixture yielding 3.5 g, (S097) of
white powder, ui.p. 222-223° dec,

N, 2157,

15y /A0 Walvacet, Bl swe. chipe, Froeve, 218 (1950),



September 1965

Anal. Caled. for C;Hy,CLN:0: C, 38.36; H, 9.20; Cl, 32.36;

N,12.78. Found: C,38.26; H, 9.42; Cl, 32.10; N, 12.68.

1-(2-Chloroethyl)Jammonio-2-trimethylammonioethane Di-
chloride (Ile’).—1-(2-Hydroxyethyl)ammonio-2-trimethylam-
monioethane dichloride (1.1 g., 5 mmoles) was suspended in 10
nl. of SOCl;, and the mixture was refluxed for 2 hr. Ixcess
SOCl; was removed by distillation under vacuum, and the
almost white residue was recrystallized from ethanol-ether by
cooling to —8°, vielding 0.910 g. (76%) of small pale yellow
plates, m.p. 234-235° dec.

Anal. Caled. for C:H;,CLN;-0.3H0: C, 34.51; H, 8.11;
Cl, 43.77; N, 11.50. Found: C, 34.38; H, 7.97; Cl, 43.77; X,
11.76.

1-Bis(2-chloroethyl)Jamino-3-aminopropane Dihydrochloride
(IlTa).—To 25 ml. of SOCl; chilled to 0°, 1.6 g. (0.01 mole) of
3-bis(2-hydroxyethyl)aminopropylamine® was carefully added
with stirring over a period of 20 min. The stirring was con-
tinned for 2 hr. at 0°. The flask, fitted with a CaCl, tube, was
stored at —8° for 48 hr. After an additional 48 hr. at room
temperature, excess SOCl; was removed, and the brown residue
was recrystallized from ethanol (charcoal), yielding 2.6 g. (969%)
of a pale brown powder, m.p. 150-152° dec. It was recrystal-
lized from ethanol with addition of anhydrous ether saturated
with anhydrous HCl; m.p. 153-154° dec.

Anal. Caled. for GGHsCLIN;: C, 30.90; H, 6.67; Cl, 52.13;
N, 10.30. Found: C, 30.90; H, 6.92; Cl, 32.10; N, 10.39;
Cl~ (Volhard) before alkali treatment, 26.30; after alkali treat-
ment, 52.20.

The same proditct in the same yield was obtained when the
diol was converted to the hydrochloride before treatment with
SOCl..

3-Dimethylaminopropionitrile,'® b.p. 171-172°, n2p 1.4284
[lit.s b.p. 68° (18 mm.), n?®p 1.4282], formed a picrate in alcohol;
m.p. 157-158°.

Anal. Calcd. for CquaNsO-.l C, 4037 H, 405, N, 21.40.
Found: C,40.67; H,4.17; N, 21.51.

3-Dimethylamino-1-aminopropane'® was prepared from the
nitrile by LiAlH, reduction (449%), b.p. 130-134" (lit.'® 131-
134°). A dipicrate formed in alcohol decomposed at 224-225°.

Anal. Caled. for Ci;HxN3Ou: C, 37.36; H, 3.69; N, 18.36.
Found: C,37.19: H, 3.85; N, 18.63.

The phenylthiourea derivative melted at 117-118° after re-
crystallization from benzene-petroleum ether.

Anal. Caled. for C..HisNsS: C, 60.72; H, 8.07; N, 17.70;
8,13.51. Found: C, 60.87; H,8.02; N, 17.90; 8, 13.62.

3-Dimethylamino-1-N-acetylaminopropane.—To a solution of
20 g. (0.196 mole) of 3-dimethylamino-1-aminopropane in 100
ml, of toluene, 20 g. (0.196 mole) of acetic anhydride was slowly
ndded with outside cooling. The mixture was refluxed for 3 hr.
and evaporated, and the oily residue was dissolved in water.
After saturation with K,CO;, it was continnonsly extracted for
24 hr. with CHCl;. The proditet was obtained as a colorless
oil, b.p. 120-121° (3 mm.) or 79-80° (0.3 mm.), vield 23.2 g.
(82%).

Anal. Caled. for C;HsN.O: C, 58.30; H, 11.18; N, 19.43.
Found: C, 57.99; H, 11.11; N, 19.47.

It formed a picrate from alcohol; m.p. 96-97°.

Anal. Caled. for C3HisN:Os: C, 41.71; H, 5.06; N, 18.70.
Found: C,41.65; H,4.98; N, 18.63.

3-Trimethylammonio-1-propylammonium dichloride was pre-
pared by treatment of the above acetyl compound with methyl
iodide in absolute ethanol. After precipitating from ether and
recrystallization from an ethanol-ether mixture, the melting
point was 111-111.5°. It was converted to the dichloride in
5% aqueons HCI by freshly precipitated AgCl. After filtration,
addition of concentrated HCI, and evaporation to dryness, the
white residne was crystallized from a mixture of absolute ethanol
and ether to yield 6.1 g. (81%) of a white fluffy compound. A
sample recrystallized from ethanol-hexane turned to a glass-
like material at 202° and decomposed around 260°,

Anal. Caled. for CeH)sCLN.: C, 38.11; H, 9.60; Cl, 37.51;
N, 14.81. Found: C, 37.94; H, 9.89; Cl, 37.51; N, 14.78.

1-Bis(2-hydroxyethyl)ammonio-3-trimethylammoniopropane
Dichloride.—3-Trimethylamnionio-1-propylammonium  dichlo-
ride (3.78 g., 0.02 mole) in 75 ml. of absolute ethanol was exactly
neutralized with 14.4 ml. of a sodium ethoxide solution in ethanol.
After 3 hr., the precipitate of NaCl was removed by filtration,

(16) I. N. Nazarov and G. A. Shvekhgeimer, Zh. Obshch. Khim., 24, 163
(1954); Chem. Absir., 49, 3034¢ (1955).
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nsing a very fine filter paper, and to the filtrate 2.2 g. (0.05 mole)
of ethylene oxide in 15 ml. of absolute ethanol was added over a
period of 20 min., with ice cooling. The ice bath with the im-
mersed reaction flask was allowed to reach room temperature
overnight. The solution was then refluxed on a water bath at
40-50° nsing a Dry Ice—acetone cooling system to condense the
ethylene oxide. After refluxing for 2 hr. the solvent was partially
concentrated to about 70 ml. and a stream of anhydrous HCI
was bubbled through for a period of 30 min. Some ether was
added on warming until cloudiness appeared. On cooling to
~8°, 4.3 g. (759%) of small white prisms separated; m.p. 133—
159°, After four crystallizations from the minimum required
amount of absolitte ethanol, 2.7 g. (48.5%,) of long crystals was
obtained; nmi.p.171-171.5° with softening at 163°.

Anal. Caled, for CmHzeClzNzOg: C, 4332, H, 946, Cl, 2558,
N, 10.11. Found: C,42.91; H,9.49; Cl, 25.69; N, 10.23.

1-Bis(2-chloroethyl)ammonio-3-trimethylammeoniopropane Di-
chloride (IIIc).—The above diol (0.550 g., 0.002 mole) was
suspended in 5 ml. of SOCl, and the solution was refluxed for
2 hr. After cooling, the SOCl; was removed under vacuum, and
the residue was crystallized from a mixture of absolute ethanol
and absolute ether. The yield of crude product was 0.540
g., m.p. 173-174° dec. (sintering at 168°). Two more crystal-
lizations gave 0.410 g. {(669), m.p. 168-168.5° dec.

Anal. Caled. for CloH240141\-2'1.5H202 C, 3521, H, 797,
Cl, 41.58; N, 8.21. Found: C, 35.62; H, 7.91; Cl, 42.40;,
N, 8.51; Cl— (Volhard) before alkali treatment, 21.20; after
alkali treatment, 42.80.

1-Bis(2-chloroethyl)amino-4-aminopentane Dihydrochloride
(IVa)—A stream of anhydrous HCl was passed through a solu-
tion of 4 g. (21 mmoles) of 1-bis(2-hydroxyethyl)amino-4-
aminopentane!® in 20 ml. of dry CHCIl;, until the weight of the
solution had increased by 1.4 g. During this operation a white
oily product separated. After heating to reflux, 6.3 g. (0.05
mole) of SOCl; in 15 ml. of dry CHCl; was added during 1 hr.
The mixture was refluxed for another hour and kept overnight
at room temperature. The residue from vacuum distillation
was dissolved in absolute ethanol, decolorized with charcoal,
and precipitated with ether. Another recrystallization from
the same solvent mixture gave 4 g. (63.5%) of IVa, m.p. 214-
215° dec.

Anal. Caled. for CoHCLN,: C, 36.00; H, 7.56; Cl, 47.26;
N, 9.33. Found: C, 36.46; H, 7.87; Cl, 45.74; N, 9.56; Cl-
(vonductimetric) before alkali treatment, 26.85; after alkali
treatment, 46.17.

1-Bis(2-hydroxymethyl)amino-4-dimethylaminopentane.—
While cooling with an ice-salt bath, 30 g. (0.158 mole) of 1-
bis(2-hydroxyethyl)amino-4-aminopentane was carefully added
to 43 g. (0.78 mole) of 98-1009 formic acid. After addition was
complete, 35 g. (0.348 mole) of 309 formaldehyde was added,
and the flask, fitted with a reflux condenser, was placed in an
oil bath at 90°. After a few minutes, vigorous gas evolution
started; the flask was removed from the oil bath until evolution
of gas had subsided (about 1 hr.). The flask was then returned
ta the oil bath at 95-100° for 18 hr. About 35 g. (0.35 mole)
of concentrated HCl was added, and the solntion was gently
refluxed for 4 hr. Low-boiling material was removed, and the
oily residue was dissolved in water. The water solution was
saturated with KoCOQj, the organic layer was removed, and the
remaining solntion continuonsly was extracted with chloroform
for 16 hr. The product, b.p. 147-148° (3 mm.), was redistilled
twice, yielding 19.4 g. (709) of an almost colorless oil, n%*p
1.4774.

Anal. Caled. for CyHsN:O2: C, 60.51; H, 12.06; N, 12.83.
Found: C, 59.45; H,11.97; N, 12.74.

It formed a dipierate from alcohol; nup. 135-136°.

Anal. Caled. for CzaH:sQl\-gOlel C, 4083, H, 477, N, 16.56.
Found: C,40.54; H,4.79; N, 16.54.

1-Bis(2-chloroethyl)amino-4-dimethylaminopentane Dihydro-
chloride (IVb).—A solution of 5.5 g. (0.046 mole) of SOCl
in 10 ml. of dry CHCl; was added over a period of 20 min. to a
boiling solution of 4 g. (0.0184 mole) of the above diol in 20 ml.
of dry CHCL,. The mixture was refluxed and stirred for another
hour. After removal of the chloroform and the unreacted
thionyl chloride, the oily residue was dissolved in warm ethanol,
decolorized with charcoal, and half of the ethanol was removed
by distillation. To the remaining ethanol solution, ether was
added, and on scratching, a white crystalline compound pre-
cipitated. Two more crystallizations from an ethanol-ether
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mixure gave 5.0 g0 (9500) of a white ervstalline compound,
uLp. 157-158° dec.

Anal. Caled. for CplLeCLNy: C) 40.26; 11, 7.09: Cl, 43.24;
N, 854, Formd: C, 39.93; H, 8.25: Cl, 4147 N, .12, C1°
(conductimetric) before alkali trentment, 22.55: after alkali
treatment, 41.47.

1-N-Phthalimido-4-pentanone.—To & solnion of 24 g. (0.2
mole) of 1-chloro-4-pentanone’ in 160 ml. of dhmethylformaniide,
40.8 g. (0.22 mole) of potassium phthalimide® was added. The
flask wag placed in au oil bath at 100-105° and was vigoronsly
stirred far 2 hr.  After cooling, 200 wl. of CHCl; was added,
and the mixtire was poured into 300 ml. of water.  The ageons
layer was separated and extracted three times with 50-ml.
portions of chloroform.  After washing, the CHCl, was removed,
and the residne was crystallized from dilute ethanol to give
24-26 g, (52-564 ) of 1 white erystalline componnd, m.p. 73-74°.

Anal. Caled. for CiuyNO: ) 67.02; 1, 5.67; N, 6.06.
Found: C,67.55; 11,5.71; N, 6.04,

The oxime, prepared i ethanol and twice recrystallized from
beuzene-petrolenmm ether (h.p. 30-60°), formed silky ncedles,
nLp. 135-135.5° (R3¢0,

Anal. Caled. for CypllyNae: ) 63,400 11, 5,055 N,
Fonnd: C, 63.63; 11, 5.74; N, 11.39.

1-N-Phthalimido-4-dimethylaminopentane.--A mixture of 233
2. (0.1 mole} of 1-N-phthalimido-4-pentanone, 30 g. (0.4 moles
of dimethylformamide (DAEF), 6.5 g. (0.14 mole) of 98-100¢,
forwie acid, 2.5 g (0017 mole) of CaCle-2Hat), and 12 1wl of
witter wiag heated in an oil bath.  The bath temperatire was
gradually imereased during 10 hr. from 160 10 195°. During this
heating process, the reaction mixture temperative incrensed
from 110 to 174°, and water and nnrencted DMPE distilled.  After
cooling, the reaction mixtnre was ponred into 60 ml. of water,
acidified with HCL and then =aturated with Na,CO,.  The or-
ganic layver was separated and the alkaline water solution wis
filtered from CaCOy and extracted four times with 30-ml. portions
of ether. The ether extracts were combined with the organic
laver and dried (K.COy).  Alter removal of the ether, ihe produet
(25 g., 97¢%) distilled ax o pale yellow oil ar 150-151° (0.35 m.),
n2n 1.537S.

Anal, Caled. Tor CpHNOL: C, 60200 11, 7.04; N, 10.76.
Found: C, 69.08; 11, ©.50; N, 10.78.

1,4-Phthalimido-4-trimethylammoniopentane Iodide.-—To a
solation of 15.6 g. (0,06 mole) of 1-N-phthalimido-4-dimethyl-
aminopentane in 200 wml. of absolute ethanol; 10 g (0.07 mole)
ol metliyl lodide was slowly added with cooling.  After a few
mimites, 1 volininons precipitate was formed. The mixture
wis reflixed for 30 min. and, npon standing overnight at v°,
B g (93.5%6) of a pale vellow precipitate wus obtained; m.p.
249-250° dec.

Anal. Caled. for CeHxINGDy: 1, 51.55; N, 6.06.
I,31.85; N, 6.75.

1-N-Phthalimido-4-trimethylammoniopentane Chloride.---A
solution of 22.5 g, (0.056 mole) of the above lodide in 200 nl. of
a0 5¢ ¢ HCL solution diluted with 70wl of 957 ethanol was de-
colorized with 1 ml. of 1 0.1 N sodium thiosulfate solntion, and
33 g, (0.23 mole) of freshly precipitnted AgCl was added.  After
stirring for 3 hr,, the filtrate was concentrated to dryuess; the
white crystalline residue weighed 17 g. (08¢¢). It recrystallized
from ethanol-ether ns small white plates decomposing at 250°,

Anal. Caled. for CigHuCINLQ:: Cl, 1148 N, 9,01, Found:
CL 11.68; N, 8.92,

1-Ammonio-4-trimethylammoniopentane Dichloride.—A soln-
tion of 17.4 g. (0.056 mole) of 1-N-phthalimido-4-trimethylam-
woniopentane chloride in 8O ml. of concentrared HCI, diluted
with 20 ml of distilled water, was refluxed for 24 hr.  The mnix-
ture was cooled and the phthaliec acid was removed by filtration.
The filtrate was vacnnm dried, dissolved in absolute ethanol,
and saurated with anhydrons HCL and ether was added until
clondiness.  Upon standing overnight at 0°, 10.5 g. of a white
wmicroervstalline powder, decomposing at 233°, was obtained.
With two more crystallizations from an ethanol-ether mixture,
8.3 g (699%) of a white microerystalline powder, decomposing
sharply at 254°, was obtained.

Ancl. Caled. far CellwCLN,: ) 44.24; (1, 10.21; Cl, 32.65;
N, 12,90, Found: ¢, 43.87: H, 10.50; L, 32.24; N, 12,74,

115N

Fouud:

(177 G W, Cawnon, R. C. Elljs, aud J. R. Leal, Org. Sy, 31, T4 (1H51D).
Q%) P. L. Salzherg and J. V. Snipuiewski, “Organic Syntleses,'" Coll
Vol 1. .dobn Wiley and Rons, ne., New York, N. Y, thdl, 1. 110,

1-Bis(2-hydroxyethyl jammonio-4-trimethylammoniopentane
Dichloride.— [-Anmonio-4-trimethylunmoniopentae dichloride
(3.26 g, 0,015 molel in SO ml of absolnte ethanol was exaetly
nentralized by (0.8 ml. of a sodimm ethoxide salntion in ethanol.
After 3 hir. at roout temperature, the precipitated NaCl was re-
moved by filtration and to the filtrate 2 g, (0.045 mole) of efhylenc
oxide in 15 ml. of absolate ethanol was added over w pericdd of
15 mm. with iee cooling.  After warining Lo roow temperature
overnight, the solurion was reflnxed for 2 hr. on o warer bath
using a2 Dry lec-acetone cooling svstemn. The solvent wis
partially distilled and the residie was =aturated with imhydron-
HCL Some chier was added with warming nntil elondiness
appeared, and the flask was stored a1 —=X° for 24 hir, The white
precipitiate was collected and recrystallized three times from the
winimnm ol of absolite ethanol, vielding 2.6 g. (38¢) of a
white microcrystalline powder, m.p. 215-216° dec.
Snal Caled. for CaHpCLN:OL: €, 4720 H, 000, CL 23.25;
N OUAN Found: C, 47565 1, 0.09; Cl23.23; N, 881
1-Bis(2-chloroethyl Jammonio-4-trimethylammoniopentane
Dichloride (IVe).-—~The above diol (1.22 g, 4 unnoles) was
suspended i 10wl of SOCL, and rthe mixure was refluxed for
21 After cooling, the SOCL was removed nnder vaemnn and
the white crvstadline residue was ervstallized Tromn an ethanol-
ether mixture, The ervstallizaton was repesied yielding 0.8
g. NS of oo wline microcrystalline powder, m.p. 178 179¢
dec.
Jdeals Caled. Tor CollgCLNG O, 42,120 11 S25: Cl) 4140,
N, 8490 Fomd: €, 41.94; 11, 840; CL 41190 N, 7.06.
1-Dimethylamino-4-cyanobutane.—1-Chloro-4-cvanobitane
404 ) was added to 2577 aqueons dimethylamine (200 g
and left stuuding for 5 dayvs at room temperature.  The inixunre
became an almost cear solution. The excess dimethylamine
wias driven off Ly means of g water pump withont heating.
With cooling, S0 ml of 2000 NaOH solution and powdered
KCty; were added i suceession to effect two layvers. The or-
ganie laver wins extracted with ether and dried (K.Ct);). The
etherenl solution was liltered, ether wag removed by distillation,
aud the residne was fractionated to give 31.8 g. of produet boiling
AL 106--10%° (330 nimn. 1, a™n 1.4330.
1-Dimethylamino-5-aminopentane - -Lithimn  almuimnn lay-
dride (12 g} was dissolved in 400 wl. of anhydrous ether and
cooled.  To this was added dropwise a solntion of 30 g of 1-
dimethiylvnino-d-cyvanobntane in 100wl of anhvdrons eifer
over 30 wmin. with stirring and cooling.  After stimiug for 24
e, at roour temperninre, 20 1wl off water, 30 Hul. of 200 NaOlf,
and 35wl of wicter were added eantionsly in suceession. The
ether solntion was decanted and the residue was washed with
ether three times.  The combined ether extrnet was dried over-
night (NaOH). iher was vemoved, and the residue was
fractionated to give 195 oo of producet, bop. R8=897 (30 mm. 1,
¥ 144306,
Anal, Caled, for CileNys O, 64565 1, 15930 N, 2151,
Found: €, 64050 11, 15.07: N, 2141,
5=Acetamidopentyltrimethylammonium Iodide.- - To a mixture
of 0.1 g of l-dimethyvlamino-H-aminopentane and 20 ml. of
toluene, 8 ¢ o) neetic anhydride was added cantiously.  Afier
heating onn waier bath for 3 hr,, toluene was removed by viemn
distillation.  After addition of 20 ml. of a 200, NaOH solution
and  powdered K.COy, the organic layver was dried and the
CHCl; was removed by distillation.  The residiie was dissolved
m 20 ml. of absolute ethanol, and to this was added 14.2 g. of
methyl iodide dropwise.  Aflter refluxing for 3 hr. and cooling,
anhydrons ethier was added to precipitate the amnoninm salt.
Tt wax reprecipitated from ethanol by ether: yield 18.0 g, wp.
1421430,
Aral. Caled. for CpllaINLO: ) 38220 11, 768,
NoSO020 Found: Coas0h: 1L 70010 1400130 N, R02,
1-Ammonio-5-trimethylammeoniopentane Dichloride. --1'v 2
solution of 13.56 g. of the above iodide in 200 ml. of 5¢¢ HC1
was added 23 g. of freshly prepared AgCl. The iixture was
stirred for 3 hr. at roowm teniperatinre, whereupon the conversion
of the iodide into the chloride wis completed. After removal
of the silver halides by filtration, the solution was concentrated
to about 100 ml. Then 20 nl. of concentrated HCl was added
and the solution was vigorously refluxed for 3 Iir. The solntion
was concentrated 1o dryness by vaennm distillation, and the
white residue was dissolved in a small amount of methaol and

1, 4050,

1y NI Lyonanl and . Bartbel, Qe S0 b Chene S, T, 50098
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September 1965 AMINO AND AMMONIO NITROGEN MUSTARDS 655
TaBLE 11
DIALKYLAMINOETHYLDIETHANOLAMINES AND RELATED MUSTARDS
4
X >NCH,CHN(CH,CH;X):
X = OH X = Cl, -2HCL
B.p.. °C. ~——-—Found, %%—-—— M.p., Found, %¢——————
R R’ Yield, % (mm.) np o) N Yield, % °C. o) H o)} N
Kt Et 35.8  108(0.2¢° ... 51 146° .
n-Pr  n-Pr 55¢ 140(0.3)° 1.4703 61.89 12.26 12.24 52 141 42.29 8.12 41.60 8.20
n-Bu n-Bu 58 148 (0.13) 64.62 12.80 10.79 79 126 45.71 8.83 38.36 7.48
CH; Benzyl 64° 178(0.15) 1.5252 66.73 11.03 84 154 46.63 6.60 39.38 7.91
Et Benzyl  44¢ 188(0.3) 1.5253 67.89 9.92 10.48 91 178 47.86 6.83 37.93 7.35
a See Table I, footnote a. ¢ By procedure A. ¢ G, Prefahl and K. H. Kénig {Chewn. Ber., 87, 1632 (1954)] report b.p. 141° (0.15 mm.)

and m.p. 147°, 4 By procedure B. ¢ Picrate: m.p.127-128°.

reprecipitated with ether. Finally, the compound was recrystal-
lized from ethanol; yield 8.50 g., m.p. 234-235°,

Anal.  Caled. for CsH2CLN:: C, 44.24; H, 10.21; Cl, 32.65;
N, 12.90. Fonnd: C, 44.50; H, 10.02; C}, 32.53; N, 12.80.

1-Bis(2-hydroxyethyl)Jammonio-5-trimethylammoniopentane
Dichloride.—A solution of 6.51 g. of the preceding compound
in 75 ml. of absolute ethanol was neutralized with 20 ml. of sodium
ethoxide in 20 ml. of absolute ethanol. Sodium chloride was
removed by filtration, and & solution of 5 g. of ethylene oxide
in 15 ml. of absolute ethanol was added dropwise with stirring
and ice cooling. The mixture was left standing for 2 days
at room temperature. After the solvent was partially removed
without heating, it was saturated with dry HCl. Ether was
added to cloudiness. After cooling, the white precipitate was
collected by filtration and recrystallized from ethanol-2-propanol
mixtire three times yielding 6.30 g., m.p. ca. 175° (sintered at
140° and solidified again).

Anal. Caled, for CHzpClLN0.: C, 47.21; H, 9.90; Cj,
23.23; N, 9.18. Found: C, 47.01; H, 10.01; Cl, 22.96; XN,
9.11.

1-Bis(2-chloroethyl Jammonio-5-trimethylammoniopentane
Dichloride.—The compound above was suspended in 10 ml. of
SOC]; and gently refluxed for 2 hr. The excess SOCl; was dis-
tilled ¢n vacuo, and the residue was dissolved in 2-propanol and
precipitated with ether. The precipitate was collected by filtra-
tion and purified by reprecipitation with absolute alcohol and
ether; yvield 1.80 g., m.p. 192-193° dec.

Anal. Caled. for CiuHosCLN,: C, 42.12; H, 8.25; Cl, 41.43;
N, 8.19. Found: C, 41.91; H, 8.39; Cl, 41.28; XN, 8.28,

N,N-Dialkylaminoethyl Chloride Hydrochlorides.—Djialkyl-
aminoethanol hydrochloride (0.1 mole) was added in small
portions to 30 ml. of precooled SOCl, with stirring and cooling.
The reaction mixture was then gently refluxed for 3 hr. Excess
SOCl; was removed by distillation under diminished pressure,
and the residue was recrystallized from an appropriate solvent.

N,N-Benzylmethylaminoethyl chloride hydrochloride was ob-
tained in 80% yield, m.p. 142-143°.

Anal. Caled. for C,o)Hi;:CLN: C, 54.54; H, 6.87; Cl, 32.21;
N, 6.36. Found: C, 54.35; H, 6.83; Cl,32.21; N, 6.37.

N,N-Benzylethylaminoethyl chloride hydrochloride was ob-
tained in 639 yield, m.p. 154-155°.

Anal. Caled. for CHiCLN: C, 56.42; H, 7.32; Cl, 30.28;
N, 5.98. Found: C, 56.67; H, 7.06; Cl, 30.36; N, 6.21.

1-Bis(2-hydroxyethyl)amino-2-dialkylaminoethanes (Table
). A—A solution of 0.05 mole of N,N-dialkylethylenedi-

amine in 50 ml. of absolute ethanol was cooled in an ice bath.
To this was added dropwise with stirring and cooling a solution
of 0.2 mole of ethylene oxide in 50 ml. of absolute ethanol. After
standing for 4 days at room temperature, the reaction mixture
was gently refluxed on a water bath for 2 hr. Solvent was re-
moved by distillation, and the residue was fractionated under
diminished pressure,

B.—N,N-Dialkylaminoethyl chloride hydrochloride was treated
with NaOH solution; the free base thus formed was extracted
with ether and dried (K,CQ;). The ethereal solution was filtered
and ether was removed by evaporation under diminished pressure
without heating. The residual dialkylaminoethyl chloride was
used for the following reaction without further purification.
Free aminoethy! chloride (0.1 mole) was added dropwise with
stirring to a mixture of 0.2 mole of diethanolamine and 14 g. of
finely pulverized anhydrous K,CO;, the temperature being held

at 60-70°. The reaction mixture was stirred on a steam bath
for 5 hr. After cooling, 20 ml. of 209, NaOH solution was added

to the mixture, and solid material was removed by filtration.
The filtrate was extracted with benzene or chloroform and dried
(K2CO;3 or MgS0,). The solution was filtered, solvent was re-
moved by distillation, and the residue was fractionated under
diminished pressure.
1-Bis(2-chloroethyl)amino-2-dialkylaminoethane Dihydro-
chlorides (Table II).—The diols prepared above were converted
to the dihydrochlorides. The diol dihydrochloride (10 nioles)
was mixed with 5 ml. of SOCl: and gently refluxed for 3 hr.
The excess of thionyl chloride was removed by distillation, and
the residue was purified by recrystallization from acetone or
reprecipitation from methanol by diethyl ether.
1-(2-Hydroxyethyl)-4-alkylpiperazines (Table I).—The ap-
propriate alkyl halide (0.1 mole) was added dropwise with stirring
to a solution of 0.1 mole of piperazineethanol in ethanol, and the
mixture was heated on a water bath for several hours. Solvent
was removed by distillation (aspirator), and to the residue was
added 25 ml. of 209; NaOH. The free base was extracted with
CHCIl; three times, dried (K.CQ;), and fractionated under
diminished pressure.
1-(2-Chloroethyl )-4-alkylpiperazine Dihydrochiorides (Table
I).—Into 15 ml. of SOCI,; was added, in small portions, 0.02 mole
of 1-(2-hydroxyethyl)-4-alkylpiperazine dihydrochloride, and
the mixture was gently refluxed for 3 hr. The excess thionyl
chloride was removed by distillation (aspirator), and the residue
was dissolved in methanol containing a small amount of water and
reprecipitated by adding ether.



