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Abstract—The each nitrogen site of ifosfamide metabolite isophosphoramide mustard was syn-
thesized with isotope enriched nitrogen. Gylcine-®N was converted to 2-chloroethylamine-"N hy-
drochloride which was then reacted with phenyl dichlorophosphate to provide N,N-bis(2-chloroe-
thyl)phosphordiamidic-**N; acid phenylester(50%, PhO(0)*N(CH,CH,Cl,). Catalytic hydrogenation
of this phenyl ester followed by the addition of cyclohexylamine (CHA) provided IPM-"N as the

CHA salt(70%).

Keywords ] 2-chloroethylamine-*N hydrochloride.

Cyclophosphamide(Cytoxane, CP)+= anti-cancer
drug® 2 ojge)e] hX 5o de] AH-E Ak
CPY A=A F£L& 84z EF3la CPY
73 FAWE 15t FNF] CP A Eo) o
Fx5lo] gtom, 1% ifosfamide(lfex)e} & {4}
AE-L CP HAEAZA 7S By ookl

gy o g CP -FAHHISES metabolic transfor-
mation-g 713, phosphoramide mustard(PM, HOP
(0) (NH)N(CH:CH.CI),]-} isophosphoramide mu-
stard[IPM, HOP(O) (NHCH,CH,Cl). ¢} #& Z7F
AE A& 2P YA PMo]u} IPM- aziridines
X aziridinium ©]2-2) £7441F A3 DNA¢} al-
kylationdle 202 o4& A ¢Jrhs” A Xy DNA%}
PM =+ IPM 9] alkylation ¥+3-4-& PM =+ IPM <
7} zkol| A A aziridinium ©]-&9] w333 #AA|
=, 239 B9 AALE 53] Aagate] A

12 ol B3 Folt o] ARl

673

AsE alkylation ¥H-A-& AAshed AAlA
299 AHo)r}® o)2¥k FPox PM2] alkylation
-8 ZA}sl7) $)3}ed, BN isotopic labelling®
PM$ 3§48k, NMR £37]& |43t ZAM
PMe] wks-A-& xAR817] S8t PNE& =3i& IPM
[N,N’-bis(2-chloroethyl)phosphorodiamidic-*N,
acid(1)]ol #3he] B.stu} dch

e X AEYy

Cyclohexylamine(CHA), tetrahydrofuran(THF),
thionyl chloride, triethylamine-&- ZAz3}3, $vje}
Aleke- distillation¥ch. B8 E@3IA| ¥ b £
FEL AL F9718lA A 4T P
"ke-2 -8 bath 3}l A4} e} Glycine-*N(98 YU #1%
“N) Aldrich®} Sigma3}33jal2 F-¥ F3ch
R2E t}E $ull9} XSS Aldrich 313t3)4}¢} Fi-
sher#3} 3| AL ¥-e] 793}, Unlabelled IPM2
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Mg wyo 2 ye FAHYUILPY TP P2
J gl =g olFtdinle] Wojciech J. Stecws}
ALZNE 4L 3o E3shAql vl o8 g
Rl 5124

¥4 TLCE 250 mmZ9)] silica gel GF(Anal-
tech) 78 % 25cmX10 cm3-E AH2-3} e} o))
2 2 =(I,)¢} 254 nme] UAR X7} A F-321-& 9)3lo]
AH&-sdc). 53¢ Fisher-Johns Melting Point
Apparatus& AHE3}ic). 42423 ¥-3-& Parr me-
dium pressure shaker hydrogenator2} 50 mL 12
4 olgslo] Paich

NMR A% =82 Bruker MSL 500 £37]& A}
43lgcl. 'H(GO0 MHz) NMRe] a4 o|%gh
(ppm)& TMS(CDCl)Y} TSP(D0) S EF 28 AME
39} *P(202.5 MHZ)NMR 9] 3}3H4 o]%ZHppm)
2 D,0u 4] 1% HiPOZ A Wol) F4)3}e] HF 02
AH8-3}i et

Glycine-*N Ethyl Ester Hydrochloride — %% 9]
Al§ 348 Glycine-*N(3.00 g, 39.4 mmol, 9893} %
BN)o 2 5-e] N Labelled Isophosphoramide Mus-
tard§ F£9I319c}k® AAHEL 34 needles(5.36 g,
97%, mp 141C unlabelled 3322 7% mp: 145
~146C)E #2251} 'H NMR(D,0) 6 4.19(q, /=
7.2 Hz, 2H, OCH,), 3.79(s, 2H, *NCH,), and 1.17(t,
J=7.2Hz, 3H, CH,).

Ethyl 2-Aminoacetate-*N (Glycine-*N Ethyl Es-
ter)—Et;N (8.6 mL, 62 mmol)E ether(125 mL)wje}
glycine-"N ethyl ester hydrochloride(7.91g, 56
mmol)¢] Yo ulgE Pojzc) 244]7F Fot
g Foll EFEL AN F ARG 9L 3
F5 2Y(B66g 64%)9 AAHES A2 7A] 5
3131, o] o] 49 AA|gle] A%} 'H NMR(CDCly)
‘6 4.19(q, J=7.2 Hz, 2H, OCH,), 3.43(S, 2H, *NCH,),
1.60~1.35(br, s, 2H, “NH,), and 1.28(t, /=7.2 Hz,
3H, CH,).

Ethanolamine-*N~THF(35 mL)4-2] ethyl 2-
aminoacetate-"N(3.56 g, 34 mmol)¢] 248 THF(1
50 mL)< 2] LiAlH, (5.16 g, 136 mmol)s) #&2 =
A=), vhg EFEL 244)7F £ refluxy F
Ae71A A1’ F E(2.7ml), 15% NaOH(2.7 mL),
ole} E(8.1mL)e $AMZ F93lA @) EJEL
2217k Fqt iRt F AR} AL Fsjula

#0828 13 F 53le] 24(053g 25%)9] crude
AAAE-L dgch wg-3Ale] Soxhlet(THF, 29)2
TLCAl 93 d& d &5% §¥713A AARE(R,
0.2(CHCI,-CH:OH, 8: 2), 0.71g, 34%]& 4 F
olcl. AA crude WAE $8: 124g 59%. 'H
NMR(CDCl,) & 3.62, (td, J=5.2, 3.0 Hz, 2H, CH,0),
2.85(t,
J=5.2Hz, 2H, ®*NCH;), and 2.58~221(br, s, 3H,
5NH,, OH).

2-Chloroethylamine-*N Hydrochloride (2)—"*N
Labelled Isophospramide Mustard: #¥uH-8
3l 343l cl® Ethanolamine-®N (200 mg,
26.4 mmol)E AF-2-oll 4] acetonitrile(8 mL)el) =31t}
Thionyl chloride(1.92 mL, 26.4 mmol)& 3| 2|
o3t ¥, $9L 2447k F3t wkic} Ether (60
mL)E 29§ s, ALelM 1085 R,
AA=EE WA E] wizA BAR) AT F
2]€ A= e BEEL AAE] S13to ether
2 Aech AHES 92 o)Ay A5 mg,
57%)2A4] o1z} 'H NMR(D,0) & 3.88(td, /=5.5
Hz, 2H, CH.C)), and 3.45(t, /=>5.5 Hz, 2H, *NCH,).

N,N’-Bis(2-chloroethyl)phosphorodiamidic-'*N,
Acid Phenyl Ester (3)—2-Chloroethylamine-*N hy-
drochloride (2, 100 mg, 0.85 mmol) CH,Cl, (2 mL)el)
suspend A)Z] ¥ 4T7}A] 43}, Phenyl dichloro-
phosphate(63.2 mL, 0.42 mmol)& t3}32, Ho|o] Et,
N (236 mL, 1.72 mmol)3 ¥-&= ¢} vH-&%
& Ao 2 A3 g3 F 2447 F3 ZRRic)
Et:N-HCIE A3l AARY 3 oA F53c)
crude AAE-2 chromatography[4 g, silica gel (EM
Reagent, <230 mesh), R; 0.18(CHCL,-CH;0H, 99 :
1]4 93 AAHNT, 9 =34 2Y[784 mg,
50%, R: 0.66(CHCI-CH,OH, 9 : 1]2] AAEo} 4
o]tk 'H NMR(CDCly) & 7.38~7.12(m, 5H, Ar),
3.63~3.56(m, 4H, CH,Cl), and 3.40~3.32(m, 4H,
SNCHy); F *N9| 3t 7ha A o]t} *P NMR(CDCls)
) 11-2(t, 1]31P~15N=37.8 HZ).

N,N’-Bis(2-chloroethyl)phosphorodiamidic-'*N,
Acid Cyclohexyl ammonium Sal¢(1-CHA).—Etha-
nol(3 mL)<%-<l] Phosphorodiamidate(3, 78 mg, 0.26
mmol)3} PtO,(15 mg, 0.66 mL)e] £3FE-& 717+
QF 50 psicllA] a3}t A7) qHEE e F £
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Fob whg-E3E-S 53 A4S bubbling A7) &
3HE-& ethanol(8 mL)E 34 A7 % cyclohexyla-
mine(70 mL, 0.52 mmol)& tigc}h AR 30
&t WHHE F suspension oji3la, ofef e
23} 3 24 ether(1 mL) & A=} o) A=
Z3F2] ethanolol] =9 § €& Au7}1A] etherE o
gk EFEL 4TAA 127 X7 F wjslo
2 JAN-ES AAg) G TAlE 2% etha-
nolol| 59l & etherol] 93t 317152 WAE(60
mg, 70%)°] <dojAuj7ztx] FH AAA} 'H
NMR(D.0) & 3.63~3.58(m, 4H, CH,Cl), 3.11(dt, J
=99, 6.1 Hz, 2H, “NCH,). Cyclohexylammonium
ion, 3.18~3.09(m, 1H), 1.99~1.95(m, 2H), 1.81~
1.73(m, 2H), 1.68~1.60(m, 1H), 1.38~1.27(m, 4H),
and 124~1.12(m, 1H). *P NMR(D;0) § 12.9(t,
y31P~15N:27.5 HZ).

- g e F

N,N’-Bis(2-chloroetyl)phosphorodiamidic-"N,
Acid Cyclohexylamm-"N, Acid(1)—"*N labelled
IPM2] Aol A Z7kdl+= 2-chloroethylamine-°N
hydrochloride (2)¢]t}. o121 schemedi| 4] ]3] o]
Bge dadzs) 29, Gashse Be A
# glycine-"N(98121% “N)Z €] vhEoizic) o
ashbg-e] A 583 g TAHE BejFEo)
B33 “Nz} B5C labelled bis(2-chloroethyl)amine
hydrochloride®?2] Aol A& W& &3 ¢5
+ ethanolamine-"N2 -] 29 A& 93 my
24 AHEEA o B AeHal e o9
tritium labelled 2-chloroethylamine hydrochloride
9] IS % TR 2ANA w3 A glek! Thionyl
chloride ethanolamine-"N¢} yl-¢-%¢l v £3}3} %
728 ohv)g} CHCL 9} dimethylformamide ) o)
acetonitrile®] ZA& 29 o] & $§L B3t}

3o W ES sk, 2Y 2= NN"-Bis(2-ch-
loroethyl)phosphorodiamidic-*N, Acid Phenyl Es-
ter(3)& 4HE7] $13) pehenyl dichlorophosphate
uFS-A]F ) 39 443 WH8-& cyclohexylamine #}+2]
Whg-of] 2J3} o]o]x]w|, N,N-Bis(2-chloroethyl)phos-
phorodiamidic-*N, Acid Cyclohexylammonium Salt
(I-CHA)E A%} 334 2402 PM& gtet
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Scheme
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M SOC
R C0p R RHACH IR0 —E e NHACH CHACHC
2) EtyN 2
ILiAIH
PhOP(0)Cl;
0 o :
. o HHZPO, [
CHAHO — p— NHCHCH,Cl HCHA PhO— }I>— NHCH>CH.Cl
NHCHCHY NHCH;CHCI
1-CHA 3

* = ¥N; CHA=cyclohexylamine
T4zt Ao 2= FHES AR 12%,
P NMR(D:0) 8 8.3(d, Ysrasn ca. 33Hz)] &S
AL 32} T4 AR e EEEe
identify 3 4= 11 x|t P NMRel| 4] doublet (triplet
olg}7|Heh o] EAle PN BE 59 shiE oy

& A2kt

43 vk A Fatel WHS-E3HE-9] aliquots&
AP T3 3o o8 A A% 5 “P NMRe
o8 ®Aglct. Unlabelled £33} v) w3 ¥, labe-
lled phosphorodiamidate 3[8s, 12.8(EtOH)]e] <=
23 g ERAIE =2k o 71 A1k AAE
1[8:p 10.8(EtOH)]ol vl A& o2 YA E= B
55 [vide supra, 5:p 6.9(EtOH)]2] 42 =A =7}
AFIAG ZFAA71A] et

o} ¥.314¢] Isophosporamide Mustardel] 33+
oje] Aty IPMe AAURE FAste] PM3}
IPMe) 9-3-AE v A7 5 e 7127t 2 A
o]}
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