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ABSTRACT

A short protocol for the synthesis of functionalized bis(chloroethyl)amines
(nitrogen mustards) has been described via the nucleophilic substitution of
allylic bromides derived from Baylis-Hillman al cohol swith diethanolamine
© 2008 Trade Sciencelnc. - INDIA

followed by dichlorination.

INTRODUCTION

Bis(chloroethyl) amine moiety is an excellent
pharmacophorein nitrogen mustard based DNA aky-
lating anticancer agentg™. Thereaction mechanism of
these molecules involves the formation of reactive
aziridinium intermediatefoll owed by anucleophilic a-
tack of the DNA to form mono and dialkylated DNA
adductsresultinginthecdlular toxicity (Figure 1),
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Figure1: General modeof anti-cancer action of nitrogen
mustar ds
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Therearesevera chloroethylaminebased drugsthat
areinclinical usefor thetreatment of wide variety of
cancers. Some of theseinclude mechlorethamine (1)
(used for Hodgkin’sdisease, chronic myel ocytic/chronic
lymphocyticleukemia(CLL), lymphosarcoma, andlung
cancer), chlorambucil (2) (for CLL and mdignant lym-
phomasincluding giant follicular lymphoma, lymphosa:
rcoma, and Hodgkin’s disease), melphalan 3 (for mul-
tiplemyel oma, breast and ovarian cancer), cyclophosm
amide (4) (for breast, ovarian, lymphomeas, leukemia’s,
multiplemyloema, lung, and bone), ifosfamide (5) (for
testicular, boneand lung cancers, soft tissue sarcoma,)
etc. (Figure2)™,

EXPERIMENTAL

Preparation of diol (13a)

Toasuspensonof Na,CO, (2.12g, 20.0mmol) in
CH_CN (20.0 mL) was added diethanolamine (1.05
g, 10.0 mmol) and the bromide (11a) (2.55 g, 10.0
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Figure2: Anti-cancer nitrogen mustardsin clinical use
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Estramustine, (6)

mmol) and heated at 60°C for 3h. Upon complete con-
sumption of the bromide, the reaction mixturewasfil-
tered and washed with dichloromethane. Thefiltrate
wasconcentrated and purified by silicagel column chro-
matography (dichloromethane:methanol, 10:1) to ob-
tain 2.0 g (72%) of the pure diol. (~5% of SN’
susbstitution product was al so observed). *H NMR
(500MHz, CDCL.): 5 7.86 (s, 1H), 7.32-7.45 (m, 5H),
3.85 (s, 3H), 3.62 (s, 2H), 3.58 (t, J= 5.5 Hz, 4H),
2.55(t,J=5.5Hz, 4H); ®*CNMR (125MHz, CDCL.):
5 169.2, 142.6, 135.1, 131.1, 129.5, 129.0, 128.8,
59.6, 55.7, 52.6, 49.6; ESI-MS: 280 (M+H)*.

Prepar ation of diol (13b)

Proceduresimilar tothat of (13a). *H NMR (500 MHz,
CDCl,): 6 7.83 (s, 1H), 7.20-7.30 (m, 4H), 3.85 (s,
3H), 3.66 (t, J=5.5Hz, 4H), 3.60 (t, J=5.5 Hz, 4H),
2.98 (br s, 2H), 2.56 (m, 4H), 2.4 (s, 3H); *C NMR
(125 MHz, CDCL,): 6 169.4, 142.9, 139.3, 132.1,
130.1, 129.7,129.5, 58.6, 55.6, 52.6, 49.6, 21.6; ESI-
MS: 294 [(M+H)*, 100%)]

Preparation of diol (13c)

Proceduresimilar tothat of (13a). *H NMR (500 MHz,
CDCl,): 8 7.74 (s, 1H), 7.30-7.36 (m, 4H), 3.81 (s,
3H), 3.56 (t, J=5.5Hz, 4H), 3.17 (br s, 2H), 2.52 (t,
J =5.5Hz,4H), ®*CNMR (125 MHz, CDCL.): 169.0,
141.2, 133.5, 131.0, 129.0, 59.6, 55.7, 52.6, 49.5;
ESI-MS: 314 [(M+H)*, 100%]
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Preparation of diol (13d)

Proceduresimilar tothat of (13a). *H NMR (500 MHz,
CDCl)):57.59(d,J =8.5Hz,2H), 7.33(d,J=8.5
Hz, 2H), 6.38(s, 1H), 5.45 (s, 1H), 5.11 (s, 1H), 3.45-
3.63(m, 4H), 2.63-2.91 (m, 4H); BCNMR (125 MHz,
CDCl,): 6 168.1, 143.3, 140.7, 132.6, 130.2, 129.2,
118.8, 111.8, 64.3, 60.5, 53.0, 52.8; ESI-MS: 305
[(M+H)*, 100%)]

Preparation of diol (13e)

Proceduresimilar tothat of (13a). *HNMR (500MHz,
CDCl,): 8 6.22 (d, J= 1.0 Hz, 1H), 5.75 (d, J= 1.5
Hz, 1H), 3.74 (s, 3H), 3.58 (t, J= 6.0 Hz, 4H), 3.32
(m, 3H), 2.62 (t, J = 6.0 Hz, 4H); *C NMR (125
MHz, CDCl,): 5 167.8, 137.9, 128.4, 59.6, 55.7, 55.6,
52.3.

Preparation of diol (13f)

Proceduresimilar tothat of (13a). *HNMR (500MHz,
CDCl,): 7.81 (s, 1H), 7.22-7.44 (m, 5H), 4.23 (t, J
=7.5Hz, 2H), 3.62 (s, 2H), 3.58 (t, J= 7.5 Hz, 4H),
2.54 (t, J= 7.5 Hz, 4H), 1.64-1.76 (m, 2H), 1.16-
1.48 (m, 26H), 0.87 (t, J= 7.5 Hz, 3H).

Preparation of bis(chloroethyl) amine(14a)

Toasolution of thediol (13a) (1.39g, 5.0 mmoal)
in10.0mL of CH,CI, at 0°C was added excessthionyl
chloride (7.1 mL, 100.0 mmol) over aperiod of 20
minutesand stirred for 2h. Upon completion (TLC),
the reaction mixture was quenched by the addition of
methanol (10mL) and concentratedinvacuo. Thecrude
product thus obtained waspurified by silicagel column
chromatography (hexane: ethyl acetate, 4:1) to obtain
1.189(75%) of big(chloroethyl) amine(14a). 'HNMR
(500MHz, CDCl,): 6 7.85(s, 1H), 7.28-7.54 (m, 5H),
3.87 (s, 3H), 3.62 (s, 2H), 3.49 (t, J= 7.0 Hz, 4H),
2.87 (t, J=7.0Hz, 4H); *CNMR (125 MHz, CDCl,):
8 169.0, 142.9, 135.2, 130.5, 130.0, 129.2, 128.8,
56.2, 52.4,50.2, 41.8.

Preparation of bis(chloroethyl) amine(14a)

Toasolution of thediol (13a) (1.39g, 5.0 mmoal)
in10.0mL of CH_Cl, a 0°C was added excessthionyl
chloride (7.1 mL, 100.0 mmol) over aperiod of 20
minutes and stirred for 2h. Upon completion (TLC),
the reaction mixture was quenched by the addition of
methanol (10mL) and concentratedinvacuo. Thecrude
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product thusobtained was purified by silicagel column
chromatography (hexane: ethyl acetate, 4:1) to obtain
1.18g (75%) of bis(chloroethyl) amine(14a). *HNMR
(500MHz, CDCL,): 5 7.85(s, 1H), 7.28-7.54 (m, 5H),
3.87 (s, 3H), 3.62 (s, 2H), 3.49 (t, J= 7.0 Hz, 4H),
2.87(t,J=7.0Hz, 4H); ®*CNMR (125 MHz, CDCL,):
d 169.0, 142.9, 135.2, 130.5, 130.0, 129.2, 128.8,
56.2,52.4,50.2, 41.8.

Preparation of big(chlor oethyl) amine(14b)

Proceduresimilar tothat of (14a). *H NMR (500 MHz,
CDCl,): 8 7.84(s, 1H), 7.47 (d, J=8.0 Hz, 2H), 7.23
(d,J=8.0Hz, 2H), 3.85(s, 3H), 3.63 (s, 2H), 3.50t,
J =7.0Hz, 4H), 2.88 (t, J = 7.2 Hz, 4H), 2.40 (s,
3H); 3C NMR (125 MHz, CDCl,): § 169.2, 143.3,
139.6, 132.3, 130.3, 129.5, 129.4, 56.2, 52.4, 50.4,
41.9, 21.6.

Prepar ation of bis(chlor oethyl) amine (14c)

Procedure similar to that of (14a). *H NMR (500
MHz,CDCl,): 6 7.80 (s, 1H), 7.55 (d, J = 8.5 Hz,
2H), 7.39 (d, J=8.5Hz, 2H), 3.85 (s, 3H), 3.59 (s,
2H), 3.51 (t, J= 7.0 Hz, 4H), 2.87 (t, J= 7.0 Hz, 4H);
BCNMR (125 MHz, CDCI ,):0168.8,142.1,135.5,
133.5, 131.7. 130.6, 129.1, 56.0, 52.6, 50.4, 41.8.

Preparation of big(chloroethyl) amine(14d)

Proceduresimilar tothat of (14a). *H NMR (500 MHz,
CDCl,): 6 7.82 (s, 1H), 7.72 (m, 4H), 3.88 (s, 3H),
3.58(s, 2H), 3.51 (t, J=6.5Hz, 4H), 2.87 (t, J=6.5
Hz, 4H), *CNMR (125MHz, CDCL.): 6 168.4, 140.9,
139.6, 132.9, 132.5,130.7,118.7, 112.8, 55.9, 52.7,
50.4,41.7. ESI-MS: 337 [(M-CN+Na)*, 100%].

Prepar ation of bis(chloroethyl) amine (14€)

Proceduresimilar tothat of (14a). *H NMR (500 MHz,
CDCl,): 66.22(d,J=15Hz, 1H),5.84(d,J=15
Hz, 1H), 3.75 (s, 3H), 3.50 (t, J=7.0 Hz, 4H), 3.42
(s,2H),2.91(t,J=7.0Hz,4H), *CNMR (125 MHz,
CDCl,): 6 167.3,138.2,126.8,56.6, 55.7,52.1, 42.0.

Prepar ation of bis(chloroethyl) amine (14f)

Proceduresimilar tothat of (14a). *H NMR (500 MHz,
CDCl,): 7.71 (s, 1H), 7.24-7.42 (m, 5H), 4.12 (t, )=
7.0 Hz, 2H), 3.52 (s, 2H), 3.35 (t, J= 7.0 Hz, 4H),
2.75(t,J=7.0Hz, 4H)1.61-1.64 (m, 2H), 1.10-1.38
(m, 26H), 0.78 (t, J= 7.5 Hz, 3H); ¥*C NMR (125
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MHz, CDCl,): 6 168.6, 142.8, 135.3, 130.7, 130.0,
129.2, 128.7, 65.6, 56.2, 50.3, 41.8, 32.2, 29.96,
29.95, 29.93, 29.87, 29.82, 29.6, 29.5, 29.0, 26.3,
22.9,14.4.

Prepar ation of hydrochloride (15a)

To asolution of the bis(chloroethyl) amine (14a)
(2.0 g, 3.16 mmol) in ether (10 mL), was added 4.0
mL of HCI (1M solution in ether) and stirred for an
hour. Theresulting solid wasfiltered and dried invacuo
toobtainthehydrochloride salt (15a) in 90%yield (1.0
g). '"HNMR (500 MHz, CDCl,): 5 8.30(s, 1H), 7.39-
7.54 (m, 5H), 4.39 (s, 2H), 3.97 (s, 3H), 3.86 (m,
4H), 3.38 (m, 4H); 13C NMR (125 MHz, CDCIl,):
166.9, 150.1, 133.3, 130.7,129.9, 129.0, 122,6, 55.2,
53.6,49.2, 37.0; ESI-MS: 316 [(M-CI)*, 100%], 318
[(M+2-CI)*, 67%)].

Preparation of hydrochloride(15b)

Proceduresimilar tothat of (15a). *H NMR (500 MHz,
CDCl,): 8 8.25 (s, 1H), 7.28-7.34 (m, 4H), 4.46 (s,
2H), 3.95 (s, 3H), 3.90 (s, 4H), 3.46 (s, 4H), 2.40 (s,
3H); *C NMR (500 MHz, CDCl,): 167.1, 150.4,
141.5, 130.6, 130.2, 129.5, 129.4, 55.3, 53.5, 49.5,
37.1, 21.7; ESI-MS: 330 [(M-CI)*, 100%)], 332
[(M+2-CI)*, 67%)].

Preparation of hydrochloride(15d)

Proceduresimilar tothat of (15a). 'H NMR (500 MHz,
CDCl,): 88.11 (s, 1H), 7.79 (m, 2H), 7.67 (m, 2H),
4.15 (br s, 2H), 3.96 (s, 3H), 3.80 (m, 4H), 3.32 (m,
4H); *C NMR (125 MHz, CDCl,): 6 167.1, 145.4,
138.2, 133.2, 130.4, 118.3, 113.8, 55.7, 53.5, 50.3,
38.8; ESI-MS: 341 [(M-Cl)*, 100%], 343 [(M+2-Cl)*,
67%).

Preparation of hydrochloride (15f)

Proceduresimilar tothat of (15a). 'H NMR (500 MHz,
CDCl,): & 8.28 (b, 1H), 7.43-7.57 (m, 5H), 4.47 (s,
2H), 4.36 (t, J = 7.5 Hz, 2H), 3.83-3.92 (m, 4H),
3.48-3.52(m, 4H), 1.76-1.84 (m, 2H), 1.24-1.42 (m,
26H), 0.90(t, J=7.0Hz, 3H); B*CNMR (125 MHz,
CDCl,): 5 166.9, 150.2,133.0, 130.8, 129.9, 129.3,
121.9, 67.1, 66.1, 55.4, 49.5, 37.1, 32.1, 29.93,
29.92, 29.89, 29.84, 29.76, 29.6, 29.5, 28.8, 26.2,
22.9,15.5,14.4.
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RESULTSAND DISCUSSION

Baylis-Hillman reactionisanimportant C-C bond
forming reaction and it offersdensaly functionalized
acoholsand aminesinonestep®. Thereactionishighly
atom efficient, compatible with wide variety of func-
tiona groupsand the reaction does not require any or-
ganic solvents, thusmaking it environmentally benign.
Theproduct alylic adcoholsundergo facileisomeriza-
tionwith avariety of nucleophilesin SN, fashionto
afford vauablesyntheticintermediates.

We envisaged that SN, type isomerization of
Baylis-Hillman acetatesor SN, subgtitution of Baylis-
Hillman bromideswith diethanolaminefollowed by chlo-
rination of the resulting diolswould provide an easy
accesstofunctiondized big(chloroethyl)amines (nitro-
genmustards) with high tunability for further structura
modifications.

Weinitiated the synthesisviatheBaylisHillmanre-
action of benza dehydewith methyl acrylateinthepres-
enceof DABCO to obtainthedlylic alcohol (9) that
upon acetylation afforded the acetate (10). Initial ef-
fortstowardsthe nucleophilic substitution of acetate
with bis(2-chloroethyl)aminefailed under avariety of
conditions. Changing the base, temperature, and sol-
ventsaso did not effect the formation of the product

OAC

| OMe PhCHO
"DABCS - Py (:Hz<:|2

14d, 25°C (9) OMe (10) OMe

Conditions

(i) HN(CH,CH,Cl),, NEts, CH4CN, 25°C

Conditions (ii) HN(CH,CHCI),, NEts, DMF, 100°C

(iii) HN(CH,CH,Cl),, Na,CO3, CH4CN, 25°C

(iv) HN(CH,CH,Cl),, Na,CO3, DMF, 100°C

(v) HN(CH,CH,0OH),, CH4CN, 25°C, etc.
SCHEME 1. Attempted SN, substitution of baylis-hillman
acetates

cleanly. Subgtitution of the acetatewith diethanolamine
also proved futile and no product formation was ob-
served (SCHEME 1).

Wethen atempted thesubstitution of thedlylicbro-
mide (11) obtained by thereaction of acohol (9) with
HBrandH,SO,. Thedirect reaction of bis(chloroethyl)
aminewith bromide(11) adsodid not providetheprod-
uct. Finally, the substitution wasrealized by thereac-
tion of diethanolamine(12) with (11) inthe presence of
Na,CO,. The reaction at ambient temperature was
observed to berelatively ow and lower yields of the
corresponding diol (13) were obtained. Heating the
reaction at 60°C in CH,CN accelerated the product
formation andthereaction wascompletewithin 2 hours.
Reaction of thediol with excessthionyl chloride® re-
sulted inthe clean formation of bis(chloroethyl) amine
(14). Toincreasethehydrophilicity of (14), thecorre-
sponding hydrochloride salt (15) was prepared by treet-
ment with hydrogen chloride solutionin anhydrousether
(SCHEME 2).

To demonstrate the applicability of the protocal,

TABLE 1. Synthesisof functionalized big(chloroethyl) amines

Do e Ao

r O R2 IO R 2 /f IO R 2 /f 1
OHC Cl
(11a- g) (13a 9) (14a-g) (15a- g)
- Diol® Dichloride Hydrochloride
"Ry R, Yid Yid Yid
no. Compd. (%) Compd. (%) Compd. (%)
1 Ph Me 13a 72 l4a 75 15a 90
2 4-MePh Me 13b 73 14b 73 15b 92
4 4-CIPh  Me 13c 69 14c 76 15c 89
5 4-CNPh Me 13d 74 14d 75 15d 94
6 H Me 13e 75 14e 70 15e 88
7 Ph CieHas 13f 71 14f 76 15f 90

35-10% of SN,” substitution product was also observed

socl,
l HN 0 CHZCIZ O M HCl
Ether 2h
HBr, H,SO o°c 2h H.
;fo 224 Na2C03 CHCN OMe N OM OMe
Ch,ClL 0C 0
2%l Br OM 60°C, 2-3h j \L j
(11) (12) (13) (14) C' (15)

SCHEM E 2: Synthesisof functionalized bis(chloroethyl) amines
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variousfunctionalized nitrogen mustards (14a-g) and
their hydrochloride salts (15a-g) were prepared via
SN,-substitution-hal ogenation procedure. Therequi-
siteallylic bromides (11a-g) wereprepared by there-
action of corresponding a dheydeswith methyl acrylate
followed by treatment with HBr. The reaction of
diethanolaminewith thebromides (11a-g) yielded the
diols(13a-g) in69-76%yields. Thionyl chloridetrest-
ment yielded the dichlorides (14a-g) which werefur-
ther converted to the hydrochlorides (15a-g) in good
yields(TABLE 1). Studiesareunderway to determine
theefficacy of these mol ecul esasanti-cancer agents.

CONCLUSIONS

In conclusion, we have synthesized several
functiondized big(chloroethyl)amine (nitrogen mustard)
small molecules as potential anticancer agents. The
Baylis-Hillmantempl ate providesvariouspossibilities
for structural modificationsaswell asopportunitiesfor
linking with biologically relevant carrier moleculesfor
targeted delivery. Owingtothesgnificanceof Baylis-
Hillman reection, easeof functiondization, high flexibil-
ity, and theimportance of nitrogen mustards as cancer
chemotherapeutics, the present study could be applied
to obtain novel DNA akylating agentsfor cancer treet-
ment.
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