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Urinary Metabolites of the Antitumor Agent Cyclophosphamide
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SUMMARY

2-Carboxyethyl X , X-bis(2-chloroet.hyl)phosphorodiamidate and 4-ketocyclophospha-
mide (2-[bis(2-chloroethyl)amino]tet.rahmydro-2H-1 , 3, 2-oxazaphosphorin-4-one 2-oxide)
have beeii isolated and identified as urinary metabolites of dogs treated with the anticancer
agemit cyclophosphamide (2-[bis(2-chloroethyl)amino]tetrahydro-2H-1 , 3, 2-oxazaphos-
phiorine 2-oxide). 2-Carboxyethyl N, �V-bis(2-chloroethyl)phosphorodiamidate is time major
urinary metabohite, wilereas 4-ketocyclophosphamide is a minor metabohite and represents
time first known product of cyclophosphamide which retains tile ring structure. Another
urinary metabolite yields �3-hydroxypropionamide on hydrolysis, a further indication that

the primary oxidative step in the metabolism of cyclophosphamide occurs on carbon 4 of
the ring. Neither of the two isolated metabolites is highly cytotoxic to human epidermoid
cancer cells in vitro or to Leukemia L1210 cells in vito. Neither compound is on a pathway

leading to an active form of tue drug.

INTI(OI)UCTION

Cyclophosphaniide (2-[bis(2-chloroet lmyl)-
aminojtetrahydro-2H-1 , 3 , 2-oxazaphospho-

rine 2-oxide (compound I) is w’idely used in

time treatment of mamiy types of cancer (1-
5). This agent has little cytotoxic or alkylat-

imig activity until it is acted upon by a
mixed-fimmiction oxidase of liver microsomes,
whicim requires TI�XH amid oxygen (6, 7).

Following activation of cyclophosphamide

by time livers of animals treated with this
drug, cytotoxic, alkylatimig materials are
presemmt in time serum, urimie, amid bile (6, 5).

Study of metabolites of cyclophospimamide
has revealed that miornit rogen mustard
(bis-2-chloroet imylamine), 2-chloroethyiazi ri -
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dine, amid hydracrylic acid are formed in

small amounts (6, 9, 10). These three com-
pounds represent small portions of tue origi-
nal molecule. �Ve report here the isolatiomi
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and identification of the major urimiary
metaboiite (2-carboxyethyl \ , .V-bis(2-chio-
roethmyl)phlosphorodianlidate, II] and a. minor

urinary metabohi te (4-ketocyclophospha -

nude, III) whicii retaimi all time carbon amid
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I

nitrogen atoms of cyclophosphamide. A

preliminary report of time isolation of 4-

ketocyclophosphamide (III) has been pub-
lished (11).

MATERIALS AND METHODS

Ring-labeled [6-’4C]cyclophosphamide was

a gift from time Mead-John.son Research

Center, Evansville, Ind., and was supplied to
us by Dr. G. P. Wheeler. It was further

j)urifled by column chromatography on

DEAE-Sephadex A-25. Side chain-labeled
‘4C-cyclophosphamide was purchased from
New England Nuclear Corporation. Neither

compound, as used, contained detectable
impurities on column or paper chromatog-
raphy or on mass spectrometry. 6-Methylcy-
clophosphamide was obtained from the

Cancer Chemotherapy National Service
Center, National Institutes of Health,

Bethesda, Md., and $-hydroxypropioniamide
was a product of K & K Laboratories, Inc.

Beagle dogs were given an intravenous

injection of 20 mg/kg of either ring- or side
chain-labeled ‘4C-cyclophosphamide (20-30

nCi/mg), and urine was collected for
periods up to 24 hr. Approximately 65 % of
the administered radioactivity was re-
covered in 24 hr. Urine was either pooled
from several animals or collected individu-
ally.

m4ccyclophosphamide (either ring- or

side chain-labeled) was administered intra-

venously to humans in doses of 10-30 mg/kg

(20-30 nCi/mg), amid urine was collected
for at least 24 hr as a solution buffered at

pH 7.0. Approximately 60% of the ad-
ministered radioactivity was recovered in

24 hr. In some cases the urine from several
patients was pooled.

The urine samples were treated in one of
three ways. The first method involved addi-
tion of several volumes of ethanol and re-

moval of the insoluble materials by filtration

or cent rifugation. At this stage, 75 % of the
radioactivity originally present in the urine
samples was present in the aqueous ethanol
solution. Ethanol wa.s evaporated at 30#{176}
under reduced pressure. The second pro-

cedure involved lyophilization of urine,
trituration with ethanol-water (11:2, v/v;

12 ml/g of urine residue), amid filtration; time

filtrate comitained 90-92 % of the radioactiv-
ity origimially present in the urine. Time third
procedure, which was employed for time iso-
lation of 4-ketocyclophosphiamide, involved
prolonged extraction of urine with ether;

after removal of the solvent under reduced

jressure at room temperature, tile ether-
soluble materials were suspended in 0.02 M

XH4HCO3 . The ethanol-soluble or ether-

soluble fractions were then applied to a

colummi (2.5 x 100 cm) of DEAE-Sephadex
A-25 equilibrated with 0.02 M NH1HC03.

The anionic character of time urinary

metabolites has been noted (12). The

columns were washed with 1 column volume

of 0.02 M NH,HCO3 , and a linear gradient

of 0.02-0.2 M XH4HCOI was applied; 95 %
of the radioactivity applied to the columns

was recovered.
2-Carboxyethyl N, X-bis(2-chloroethyl)-

phosphorodianmidate (II) was synthesized in
accordance with the reported procedure (13).

N3-Methylcyclopiiosphamide was pre-

pared by a reported method (14).

Mass spectra were obtained with a Hitachi

high-resolution, double-focusing mass spec-

trometer (RMU-6-D-3), amid infrared spec-
tra, in pressed KBr discs with Perkin-Elmer

infrared spectrophotometers (models 521
amid 621). Nuclear magnetic resomiance

spectra were obtained with a Varian A-60A
spectrometer iii [6-2Hjdimethyl sulfoxide

with tetramethylsilane as internal reference.

Human epidermoid Carcinoma 2 (H.Ep.2)

cells were maintained in culture and grown

as clones as described previously (15).
Procedures for cytotoxicity tests with H.Ep.

cells in monolayer cultures (16), w’ith L1210
leukemia cells in swirl cultures (17), and
with L1210 cells implanted in mice (18) have
been described previously.

RESULTS AND DISCUSSION

Major inelabolite. Urine from dogs given

‘4C-cyclophosphamide labeled at C-6 was
lyophiilized. The residue was triturated with

ethanol-water (11:2, �‘�/�‘) and filtered.
Evaporation of the aqueous, ethanolic

solution gave a residue, which was separated

by DEAE-Sepiiadex A-25 column chroma-
tography amid gave three radioactive peaks

[cyclophosphamide, 4-ketocyciophosphamide
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FIG. 2. Mass spectra of a cyclophosphamide me-

tabolite (A) and synthetic 2-carbometho.ryethyl .V,.V-

bis (2-chloroethyl)phosphorodiamidate (IV) (B)
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The abbreviation used is: NBP, 4-(p-nitro-

benzyl)pyridine.
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FIG. 1. Elution pattern of cyclophosphamide me-

labolites from DEAE-Sephadex A -25

The column was equilibrated with 0.02 i�i

NH4HCO, and eluted with a linear gradierlt of

0.01-0.2 M NH4HCO3.

(III), and ionic metabolites, respectively] as
previously described (11) in the ratio of

approximately 20:1:60 (Fig. 1). Indepemi-

dent analysis of the pooled or individual
urine samples according to the method of

Mellett et al. (19) gave similar results with

respect to the ratio of unchanged drug to
metabohites.

The third radioactive fraction from the

Sephadex column was iyophiiized, and tile

residue was agaimi triturated with ethanol-
water (11:2, v/v) and filtered. Evaporation

of the filtrate, whichl contained 90 #{182}�%of the
radioactivity present in the column fraction
residue, gave a syrup which was purified by
thin-layer chromatography; separation on

preparative silica gel plates2 in chloroform-

methanol (3:1) gave a major, strongly

positive, 4-(p-nitrobenzyl)pyridine-reactive
(20) band at R, 0.24 along with a second,

weaker NBP3-reactive band at the origin.
Liquid scintillation counting indicated a
radioactivity ratio of 3.6:1 for the two bands

(R� 0.24:0.0). These data indicated that
the band at RF 0.24 contaimied the major
C-6-containing metabohite, which appeared
in the third fraction from DEAE-Sephadex
A-25 chromatography of urine. The band at
R, 0.24 was eluted with ethanol and filtered.

2 Merck 2-mm-layer coated plates obtained

from Brinkmann Instruments, Inc., Westbury,

N.Y.

Evaporation of the ethanol left a syrup,

which upon mass spectral amialysis gave 110

defimiitive results; time syrup was themi treated

with diazomethane in ether. After removal

of excess diazometimamme amid ether, tile

sample was analyzed by imifrared and mass
spectromet ry. The infrared spect rum showe(l
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SCHEME 1

0

IIH
HOCH,CH2CN. 0

“PA

� �%N(CHcH2ct)

V

an intense bamid at 1730 cm’, amid the mass

spectrum (Fig. 2) siiowed strommg peaks of
rn/e 275 (M�-OCH3 , 2 Cl), rn/c 270 (M�-

HC1, 1 Cl), rn/c 257 (W-CH�Ci, 1 Cl),
rn/c 221 (rn/c 257-HCI, no Cl), rn/c 166

[�I�--�-N(CH2CH2Ci)2 , base peak, mmo Cl],

and rn/c 135 (rn/c 166-OCH3 , no Cl). The
mass fragmemitation was reasonably deriv-

able from a molecular ion of in/e 306,
altiloughm a molecular ion peak was not

observed. Simice the three isomers IV, V,
amid VI could all give this fragmemitation,

tile identity of the metabolite was riot
immediately apparent.

Further purification of the methylated

metabohite fraction by thin-layer chroma-

tography omi silica gel imi acetone-chloroform
(3: 1) gave one strong, XBP-reactive band

at R, 0.55 along witii a weak, XBP-reactive
band at time origimi. Tile infrared spectrum

of the residue, obtained by ethanol elution
of the band at H, 0.55 timid subsequent
evaporatiomi, was essemitially identical with

tilat of the material before chromatography;
the strongest bamid appeared at 1730 cm-’

amid suggested structure IV for the major

component.
Proof iva.s obtained by symithesis of com-

pOlmmld IV by the sequence shown in Scheme

A solution of metilyl f3-hydroxypropiomiate

(4.5 g, prepared by addition of �-hydroxy-

ProPionic acid to diazometlmamie in ether) in

H2N,�0
CH3OCCH2CH2O “N(CH2CH,Cl)3

Iv

CH3O 0

“Ps
H2NCCH3CH2O’ \N(cFm3cIl3cl)3

vm

triethylamimie (6 ml) was added dropwise
durimig 30 mimi at 0#{176}with stirring to bis(2-
chloroethyl)phosphoramidic dichioride (21)

(11.2 g, 0.043 mole) in N,�V-dimethylaceta-
mide (25 ml). The ice bath was removed,

and tue mixture was stirred at room tem-

perature for 1 hr and filtered to remove
triethylamine hydrochloride. The filtrate
was treated with ammonia at a moderate
rate at room temperature until precipitation

of ammonium chloride was complete. After
filtration, the solution was evaporated under

vacuum, amid the resulting syrup was passed
through a silica gel column (prepared from
200 g of silica gel) in acetone-chloroform
(3:1); 25 fractions of 25 ml each were
collected amid analyzed by thin-layer chro-

matography. Two st romigly positive, NBP-
reactive componemits were detected; mass
spectral analysis of the two components
shlowed thlat one was the expected product,
wimereas the other was 2-carbomethioxyethyl
N , N - bis(2-chloroethyl) -N’ , N’-dimethyl-

pimosphorodiamidate (M� 334 observed along
with expected fragments). The fractions

comit ainimig compoumid IV were combined
and purified by thiin-layer chromatography
omi preparative silica gel plates2 imi acetone-
chloroform (1: 1). The NBP-reactive baud
at R, 0.25 was collected, eluted with acetone,
amid filtered, amid the filtrate was evaporated,
givimig chromatographically pure compound
IV.

0

o Imoc1m2CH2�OCH3 Cl 0
I Et3N 0

CI2PN(CH2CH2CI), (21) ) C1130&112CH20’ “�N(cm1,cH3c1)2

o H2NN�O
It

CII3OCCH,CH,O� �“N(CH,CIl3C1),

‘V

I
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FIG. 3 Infrared .speeti’ Liii o.f synthetic 2-carbometho.ryethyi .V,.V-bis(2-chloroeth !,l)phosphoro(li-

amidate (IV)

TABLE 1

112N

Thin-layer chromatographic coin parison of

methylaled metabolite with synthctic

(I)

CH3’CILCH2() ()
‘7

P

N( (‘H2CH2CI)2

R,

Synthetic

Solvent system Methyl- t�rminal
ated , acid me-

metaholite
tnsi ester
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\Iass (1’�ig. 2) amid imifrared (F’ig. 3) spectra

of time syntimetic ester (IV) comifirnied struc-
ture II for the niajor urinary nietabolite. A
weak molecular iomm (\I� 306) was observed

for time symitimetic material along with a more
intemise, protonated nmolecimlar iomi (\l� + 1
= 307). The relative abundances of the mass

fragments listed above for tue methlylated

metabolite were idemitical for tile syntheti-

I cally amid metabolically derived specimemis.

All bamids imi the infrared spectrum of time

symithetic material (IV) were presemit in time
same relative intemisity in the spectrum of

the chiromat ographically purified sample of
tile methylated metabohite. Tile presence
of several bammds in the latter spectrum that
were absent from tiie spectrum of time syml-
thietic material showed that the methylated
metabohite fractiomi was not completely

pure. However, thin-layer ciiromatography

of the methylated metabohite amid detectiomi

by NBP showed Ollly one alkylatimlg active
compomient, with an H, value idemitical with
that of the symithetic ester im� seven systenls

(Table 1).
Our results were not imi agreement with a

recent report by Norpoth et al. (22), who

elect rophoreticahly compared a synthetic

specimen of compoumid II with the major
metabolite from rat untie timid concluded
that the two were riot identical. To investi-
gate the discrepamicy, we electrophoretically

separated the total, anionic, DEAE-Sephia-

Acetone 0.8 0.8

Acetone-henzene (1:1) 0.3 0.3

Acetone-chloroform (1: 1) 0.25 0.25
Acet one-chloroform (3: 1) 0.55 0.55

Bemizene-methianol (1:1) 0.85 0.85

Benzene-methanol (9:1) 0.4 0.4

Methanol-toluemie (1:5) 0.4 0.4

dcx A-25 colummi fraction described above
umider comi(lit iomis reported by Rauemi amid
Norpoth (10) for tue met abolite from rat
serum. The NBP-reactive pattermi \\� ob-
served fom’ the elect rophoretogram matched

that reported (10); four XBP-positive,
aniomiic compomiemits were detected which
were separated by the same relative (us-

tamices. Scanning of tile electrophoretogram

imidicated that the secomid bamid (Rauen and
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Norpoth’s bamid 2) comitained about 95 % of
the radioactivity. The radioactive band was

eluted with water; the eluate, after lyophil-

ization, was methylated with diazomethane.
Thin-layer separation of the methylated
material on silica gel imi acetone:benzene
(1 : 1) showed three NBP-positive spots, at
H, 0.0, 0.3, and 0.5, the strongest of which

��‘as at H, 0.3, with a radioactivity ratio of
1.8:3.4: 1, respectively. The mass spectrum
(M� 306 fragmentation observed) and thin-

layer chromatographic behavior of tile com-

portent, at R, 0.3 (R, identical with that of

co-ch nomatognaplied, synthetic compound

IV) indicated thiat the major metabolite
observed in this electrophoresis experiment

was the same as that observed in our chro-
matognaphic experiments, namely, structure
II.

Iml order to eliminate tile possibility of
modification of the metabolites during thin-
layer chlromatography or elect rophoresis,
the DEAE-Sephadex A-25 anionic column

fraction was lyophilized, amid the total
residue was treated with diazomethane. A

mass spectrum of tile total sample gave

chlorine-containing fragmemits derivable only
from compound IV, as shown by the relative

abumidances of the fragments. Thin-layer
separation of the total sample on silica gel

in acetomie-benzemie (1: 1) gave a pattern

idemitical with that observed earlier (R, 0.0,
0.3, and 0.S), with the strongest XBP-
reactive spot agaimm havimig the same R,
value as that of co-chromatographed, syui-
thetic compound IV. Mass spectra of the

three components, isolated by elution with

ethanol, revealed that only the component at

R, 0.3 gave recognizable chlorine-containing

peaks ammd that its spectrum matched that

givemi by synthetic compound IV. The data
again implicate strtmcture II as that of tile

major urinary metabolite.
Thin-layer chromatographic comparison

of the major metabohite with synthetic
compound II (13) in chiloroform-methanol
(3:1) omi silica gel showed that both samples
behaved idemitically. Thin-layer ch romatog-

rapiiic and infrared amid mass spectrometric

comparison of the methyl ester of the major

metabolite with compound IV, prepared

from synthetic II by treatment with diazo-

nietimamie, indicated t he complete identity

of the methyl esters.
The major urinary metabolite (II) repre-

semmts at least 25 % of the administered dose
in 6-hr urine samples of dogs and 15 % of the
dose imi human urimie after 4 hr. From 40 to
50 % of the total radioactivity in the unimie
of dogs and 25-30 % imi tile urine of humans
cami be attnibtmted to compoumld II. Un-

chamiged cyclophosphamide in the urine of

dogs an(l humamis amoumits to approximately

7% ammd 16%, respectively, of the adminis-

tered dose amid approximately 1 1 % and 27 %

of tile urinary radioactivity. If the criterion

of alkylating activity (as judged by reaction

witil NBP) is added to that of radioactivity,
structure II accounts for even higher per-
centages of urinary metabolites which are

potential alkylating agemits.
Minor metabolite. The second DEAE-

Sephadex fraction (Fig. 1) was further puri-

fied by paper chromatography with 1-bu-
tanol-acetic acid-water (6:2:2 by volume)
and by subsequent passage over a Sephadex

G-10 column (1 X 100 cm). Mass spectral
analysis of this fraction showed the presence
of a molecular ion (Mj at rn/c 274, which
contained 2 chlorine atoms, as indicated by

the �\I�:M� + 2 intensity ratio. Tue rn/c

value of 274 for M+ was consistent with

either a monomethylated or a keto deriva-

tive of cyclophosphamide. Mass spectra of

6-methylcylophosphamide (14) and N3-meth-
yicyclophosphamide (14) were clearly dif-

ferent from that of the metabolite, although

all tiiree comitaimied molecular ions at rn/c
274. The infrared spectrum of the unknown

product contained a strong band at 1695
cm-’ timid suggested a keto derivative. The
metabolite fraction, which at timis stage

amounted to omily approximately 100 �g,
was soluble imi ether or ethanol. A solution

of tue fractiomi in 1 ml of ethanol, concen-
trated in a stream of nitrogemi to about 0.1
ml, yielded a few crystals (square plates).
A single-crystal melting point of 148-149#{176}

was observed. The mass spectrum of tile

crystallized specimemi again gave a molecular
iomi at rn/c 274 (Fig. 4) with a base peak at

rn/c 225 (1 Cl), corresponding to the loss

of -CH2C1. Other prominent peaks imi the

spectrum were the following: �1J+�Cl (rn/c
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0 H HO

� �,P � �\ 0 H�

_____ H..O
� �N(cml2cH2cI)2� ‘<N(CH2CH3C1)3’�

mit

0
// -

FI� HO-C 0 0

!!22�NH44+ H2 - ‘‘N(CH2CH2CI)2
cIt2 0

Et3N 0
0 HOCH2CH2�NH2
t __________________

POC1� + HN(CH2CH2CI)2-� Cm2PN(CH3CH,C1),-

o mmo Cl1� NaH i-N
It _____________

H2NCCH2CH2O’ \u(cmi3cn2ci)2 ‘�

-�--- 0” “�N(CH2CH2C1)2

SCHEME 3

III

239, 1 Cl); ‘rn/c 225-HCI (rn/c 189, mio Cl);

‘rn/c 225-CH2CH2CI + H (rn/c 163, no Cl);
amid M�-N(CH2CH2Cl)2 (rn/c 134, no Cl).

Infrared spectral studies provided tue

information necessary to locate the position

of the carbonyl functiomi. A semimicro 1mm-
frared spectrum of tile crystals showed a

carbonyl band (1695 cm-’) of reduced in-

tensity in comparisomi witii time earlier spec-

trum of time total fractiomi. Two bamids of

medium intensity appeared at 1630 timid

1615 cm-’, suggesting time presence of a
-C=C--- or -C=N--- group and imidicat-
ing possible keto-enol or lactam-lactim tau-
tomerism of the metabolite. When the sample

was dissolved in water and immediately
frozen amid lyophulized, the infrared spectrum
of the residue showed a decrease in intensity
of the bands at 1630 and 1615 cm’ amid an

increase in the carbonyl band (1695 cm’),

further supporting time idea of tautomerism
for the metabolite. Whemi the sample, wimich

had been reclaimed from the immfrared spec-
tral disc, was allowed to remain imi distilled
water (about pH 6) at room temperature for

1 hr, time spectrum of the residue showed

strong bands attributable to NH4�, an in-
dication that both P-N arid C-N bond
rupture had occurred. Such facile liberation

of NH4� can best be explained by initial
hydrolysis of a lactim to generate a P-NH2
function which readily undergoes acid-cat-

L�
C 30 70 2I0 2/0

IOOf-� ��1� 1

30 1
20

)0� li� iti

30 70 ?IO 270

Fma. 4. Mass spectra of a cyclophosphamide mc-

tabolite (.1) and synthetic 4-ketocyclophosphamide

(B)

alyzed Imydrolysis to produce NH4�. Time

infrared spectral beilavior of time met abolite

can be expiaimied by the trammsformnat ions

showmm in Scheme 2.

4- Ketocyclophosphamide (1II)� was syn-

thesized accordimig to Scimeme 3. A solution of

�-hydroxypropionamide (8.6 g, 96.7 mmoies)

and triethylamine (9.76 g, 96.7 mmoles)

Oxo-Endoxan, the name given to 4-ketoc3elo-

phosphamide (III) by ASTA-Werke, Brackwede,

West Germany, was synthesized prior to our report

(11) by Armiold (23).
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Calculated: C 30.57, H 4.76, Cl 25.78,

N 10.18, P 11.26
I’ound: C 30.64, H 4.60, Cl 25.97,

N 10.15, P 11.33

Mass spectra (Fig. 4) ammd immfrared spectra
(Fig. 5) of time metabolite timid the synthetic

product were idemitical, amid a mixture melt-
11mg poimlt of the two showed mmo depression,
thus umiequivocally provimig the structure of

the metabolite. The NMR spectrum of the
synthetic product is shown imm Fig. 6.

4- Ketocyclopilosphmamicle (III) ��‘as also
idemmtified by mass spectral amialysis imi ether

ext rntcts of urine from dogs givemi side chain-

labeled ‘4C-cyclophiosphamide as well as from

Fmu. 5. Infrared spectra of a cyclophosphamide

inetabolite (.4) and synthetic 4-ketoeyelophospha-

,,,ule (B)

imi 50 ml of dimethyiacetamide was added

dropwise witim stirrimmg at 0#{176}durimig 2 imr to
25.0 g of N , X-bis(2-chiloroethmyl)pliospimor-

amidic dichiioride (96.7 mmoles) (21) in 50
ml of dimethlylacetamide. Time mixt tire was

stirred for 12 hir at room temperature and
imemi filtered to remove t riethy lamimme hmydro-

chloride. The filtrate was treated batchwise

iii 30 mimi at 0#{176}with 4 g of sodium imydride

(57 % dispersion in oil, 95 mmoles). The
mixture was stirred for 4 days at room tern-

perature amid filtered through Celite. Evap-
oratiomi of the filtrate under vacuurn gave a

syrup, to which 100 ml of pimosphate buffer

(pH 7.2, 0.05 M) were added. Aqueous po-

tassium iiydroxide (1 s) was added im-
mediately to raise time pH back to 7.2. Time
solutiomi wa.s extracted continuously for 2
days with etimer, amid the extract was evap-

orated. The residue, in 5 ml of ethanol, was
added with vigorous stirriumg to 200 ml of
ether. Decantation of the solution from a
precipitated syrup and evaporation of tile

ethler-ethanol under vacuum left a small
residue. Trituration in ether containing a

drop of ethanol gave a crystalline solid:
m.p. 148-149#{176}; yield, 90 mg. Recrystalliza-

tion from ether-ethanol gave pure 4-keto-

cyclophosphamide: m.p. 150#{176};yield, 67 mg.

I 00 -- _
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� iii � iL .i
�

20 , � �j J�
FIG. 7. Mass spectra of the fragment from peak

III (A) and authentic fi-hydroxypropionamide (B)
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Inhibition of clone formation of H.Ep.2 cells by 4-ketocyclophosphamide and 2-ca rboxydhyl

N, .V-bis (2-chloroethyl)phosphorodiainidate

One hundred cells were placed in 4-ounce prescription bottles cotItailuilIg culture fluid, and the

macroscopic colonies preselut after 7 days were counted.

4-Ketocvclophosphamide 0 70, 85, 81 , 66 76 100
1 54,57,58 56 74

56, 58, 58 57 75
42, 42, 44 43 57

7 21, 23, 25 23 30
0,0,0 0 0

2-Carboxyethyl .V,.V-bis(2-chloro- 0 96, 91, 92, 86 91 100

ethvl)phosphorodiamidate 0.1 86, 8� 77 85

0.5 92, 47 70 77

45, 30 38 42

0,0 0 0

0,0 0 0
0,0 0 0
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humans givemi side chaimi- or rimig-labeled

‘4C-cyclophosphamide.
4-Ketocyclophospiiamide (III) represents

1-2 �7c of the administered dose in time urimie

of dogs amid liumamis.

Other rnetabolitcs. Furt her evidence t hat

carbomi 4 of tue cyclophiosphamide ring is
oxidized by the dog came from time isolatiomi

of $-hydroxypropionamide as a fragment of a

metabolite presemmt in time third i)eak from

DEAE-Sephadex A-25 column chromatog-

raphy of ethanol-extracted urine. 1mm thus
case, the urimie came from a dog treated with

rimig-labeied cyclophosphiamide. To obtain
this fragmemit, material iii tue third peak was

treated with 0.1 N HCI at room temperature

for 24 hr. After neutralizatiomm, the prepara-

tiomi was again placed oh a small (1 X 100
cm) DEAE-Sephadex A-25 cokmmn, almd time

radioactive fragment was washed from time

colummm with 0.02 �t NH4HCO3. It �

deiomiized by passage through a Sepimadex

C-10 column (1 X 100 cm) amid subjected to

mnass spectral ammalysis. Time mass spectrum
(l’ig. 7) was mmeariy idemitical witim that of an
autimemmt ic sample of �-hydroxypropionamide.

Time mitmor peaks at rn/c 32 and 56 could be

O�,�NH2 �

H2C

Nc�2_o� 5’.N((112(lm2CI)3

VII

att ributed to t race inlpurit ies 1mmt ime l)rel)tt-

ration of time fragmemit. A likely st ruct tmre

froni whichi thus fragnient � derived is

2-carbamylethyl bis(2-chmloroethlyl)phosphlor-
amidate (VII).

Biological etaluation. 2-( ‘arboxyet by 1.V,
N - bis(2 - cimloroethmyl)pimosphmorodiamidate

(II), the major metabohite, inimibited clone

formatio,m of small numbers of H.Ep.2 cells imm

culture by 58% at 1 pg/nil (Table 2). \\Themi
evaluated agaimist L1210 leukemia imi mice
imioculated withi 10� cells, time nletabohite (II)

gave mio imicrease lIi survival time at a dose

of 300 mg/kg wimeim administered ott time

first day of time test. Ummder idemmtical con-

ditiomis, cyclopimospimamide produces approxi-

miiately 70 � survivors aimd a 250 � ilmcrease
imm survival time of time 30 � Imomistmrvivors.

At a dose of 500 mg “kg, compound II ivas
mmontoxic amid gave omily a 19 � itmerease imi
survival time; thus d()se would represent

approximately the LI)90 of cyclophuospha-

T.inm.i: 2
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I

mide. Time major metabolite, then, is a

radically detoxified derivative of cyclophos-

Pimamide.
Tests shiowed t hint 4-ketocyclopimospha-

mide (III) humid some biological activity.
Clomme formatiomi of small miumbers of H.Ep.2
cells in culture was imihibited 43 % at 5

� ml (18 �i) of 4-ketocyclophosphamide
(Table 2). Umider identical comiditiomis, 75

�g/ml of cyclophosphamide are required
for comparable inilibitiorm. However, 4-keto-

cyclophosphamide at 100 yg/ml imihibited

the proliferation of large numbers of H.Ep.2
cells in monolayer culture by only 64 %, as

measured by growth after 72 hr. At 200

�g/ml no detectable activity was noted
against L1210 leukemia cells in swirl cul-
ture, arid at 1000 mg�kg there was mio effect
omi implamited L1210 ascites cells imi mice, as

determined by the lack of increased survival.
Cyclophosphamide was also not effective

agaimist L1210 cells imi culture, but for the
implamited L1210 cells cyclophosphamide at
180 mg/kg killed 99.99 % of an administered
i�ioculum.

The weak cytotoxic effect in vitro and
in vivo of 4-ketocyclophosphamide (III) rules

out the possibility that this metabolite is on
tue pathway leadimig to an acti� e form of tue

drug. In ami imivestigation, time results of
which were pubhishied while our experiments
were under way, Norpoth cl al. (22) tested
4-ketocyclophosphamide (III) and 2-carba-
mylethyl bis(2-chloroethyl)pliosphoramidate

(VII) for activity agaimist a tumor implanted

on the chorioallantois of chick embryos. No
activity was noted.

The metabolism of cyclophosphamide ap-

pears to proceed as shown in Scheme 4.
4-Ketocyclophosphamide could be produced

either by oxidation-dehydration of the C-4-

hydroxylated intermediate or by dehydra-

tiomi-cyclizatiomi of tile major metabolite (II).

Norpoth et al. (22) suggested such a scheme
for the major metabolic pathway of cyclo-
phosphamide leading to the acid II through

the intermediacy of a ring-opened aldehyde;
however, on time basis of their experimental
data, they concluded that this route was

unlikely and suggested C-4 hydroxylation

followed by cleavage of time ester boiid to

generate tile major metabolite.
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