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ABSTRACT

The Reformatsky product of estrone methyl ether and ethyl bromo-
acetate was transformed by two separate routes to 21-amino-3-methoxy-
170=pregna-1,3,5(10)-trien-178-01 (3). Cyclization with bis-(2-chloro-
ethy1) phosphoramide dichloride produced the steroidal cyclophosphamide
10. Analogous syntheses transformed androstenolone into steroidal
cyclophosphamide 20 and androstenedione into steroidal cyclophosphamide
28. o

Cyclophosphamide (1) is in extensive use clinically as an anti-
tumor agent [2]. It is activated in the liver to 4-hydroxycyclophos-
phamide (2) [3], which is in equilibrium with the open-chain form 3
[4]. Both hydroxy compound 2 and the corresponding L-hydroperoxy

derivative have been synthesized recently, and both exhibit high in

vivo and in vitro cytotoxic activity [5].
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Despite only spotty successes from previous attempts [6,7], the
concept of linking some form of a N-mustard to steroids persists [8,9],
primarily for the selective delivery of the active moiety to target
sites and to reduce toxicity. The present work describes the synthesis

of potential antitumor steroidal cyclophosphamide derivatives.
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Ethyl 178-hydroxy-3-methoxy-17a-pregna=1,3,5(10)-trien-21-cate (2)
[10], from the Reformatsky reaction of estrone methyl ether (4), was
hydrolyzed to the corresponding acid; the action of methyl chloro-
formate on the triethylammonium salt & gave the mixed anhydride 7.
Without purification the latter was treated with ammonia to produce the
amide 8, which by reduction with diborane [11] afforded the amine 9.
Cyclization with bis-(2-chloroethyl)phosphoramide dichtoride [12] in
the presence of triethylamine [13] produced the spiro steroid cyclo~
phosphamide 10. Its structure is supported by the absorption bands for
NH (3150 cm-]) and PO (1212 cm—]) in the ir spectrum; furthermore, all
the resonances in the nmr spectrum of cyclophosphamide Ql) are observed
except the missing methylene protons adjacent to oxygen.

A second route to the amino alcohol 9 required more isolated inter-
mediates, but proceeded in higher overall yield. The ester 5 was re-
duced to the diol 11 with Tithium aluminum hydride. Selective tosyla-
tion produced monotosylate .12, which was quantitatively converted to
the azide 13, and reduction of the latter produced the amine 3. This
route was used in subsequent syntheses; intermediates and final pro-
ducts are listed in Table 1. 3g-Hydroxy-5-androsten-17-one tetra-
hydropyranyl ether [14] underwent Reformatsky condensation to give the
ester 14, which was reduced with lithium aluminum hydride to diol Li.
Selective tosylation gave the tosylate Lg, which was converted to the
azide 17. Reduction [15] of the latter gave amine igf which was cycliz-
ed as before to the steroid cyclophosphamide 19. Under conditions used
previously to hydrolyze steroidal ketals [16], the protective group
was removed giving the hydroxy compound 20. Attempts to oxidize

4

AS'BB'OI 20 to a A '=3-keto steroid have led to intractible mixtures.
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Table 1. The Synthesis of Steroidal Cyclophosphamides
Compd. m,p. Yield iR Elemental Analyses
(¢ (% (em 1) c H X
a (found)
14 113-114 59 3470 (OH), 1700 73.35 9.29 Calcd.
(c=0), 1020 (73.32) (9.80)  Fnd.
15 202-205 80 3300-3250 (OH), 74.59 10,11
1027 (74.50) (10.10)

6 138-139> 65 1592, 1170 (S05)  69.19  8.45 5.59 (s)
(69.28) (8.56) (5.59)

17 152-1548 9] 3350 (OH), 2112 70.39  9.32 9.47 (N)
(Ng) (70.08) (9.30) (9.44)

18 204-206% 75 3330-3100 (OH 74.77 10.38 3.25 (N)
- and NH), 715 (74.14) (10.32) (3.22)

19 182-187> 27 3325-3200 (NH), 59.69 8.18 L.64 (N)
= 1200-1180 (PO),  (59.68) (8.33)(4.47)

1030-1020, 980~ 5.13 (P)
968, 712 (4.99)
11.74 (c1)
(11.63)
20 228-230° 77 3300-3200 (OH 57.80 7.96 5.39 (N)
and NH), 1216 (57.58) (7.87)(5.53)
(rP0), 978, 962 5.96 (P)
(5.93)
13.65 (C1)
a (13.47)
22 135-136 L 3500 (OH), 1706 71.74  9.15
(c=0), 1180, (71.39) (9.40)

1110, 1034, 1015

23 225-2282 77 3280 (OH), 1108, 73.37 9.64
3 1032 (73.66) (9.94)
25 154-155% 60 3535 (OH), 2100 68.79  8.79 10.46 (N)
(N3), 1100 (68.63) (8.65Y10.39)
26 217-219%°¢ 74 3325 (OH), 3230  73.55 9.93 3.72 (N)
(NH), 1114 (73.42) (9.62)(3.41)

27 192-193%9 40 3200 (NH), 1192 57.75 7.72 4.99 (N)
(PO), 1100, 975 (57.40) (7.90) (4.91)
5.51 (P)
(5.62)
12.62 (1)
(12.90)
28 172-1769:¢ 75 3152 (NH), 1675  58.02  7.59 5.41 (N)
(=0), 1620 (C=C) (59.04) (7.73)(5.51)

1216 (PO), 1130, 5.99 (P)

1086, 985, 975, (6.28)

956 13.70 (c1)
(14.06)

a) Recrystallized from MeOH; b) from acetone; c) chromatographed on
basic Al,03; d) chromatographed on Florisil; e) recrystallized from
EtOAc.
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The a%3-keto cyclophsophamide (28) was synthesized instead by a
sequence beginning with the 3-ethyleneketal (21) of L4~ androsten-3,17-
dione [19]. 1ts Reformatsky product 22 was reduced, the 21-tosylate
2L without purification was converted to the azide 25, and reduction
gave the hydroxy amine 26, which cyclized to the cyclophosphamide 27.
Hydrolysis of intermediate 27 in acetic acid - water - methanol at room

temperature for 3 days gave the keto product 28.
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EXPER IMENTAL SECTION [17]

Ethyl 17p-hydroxy-3-methoxy-17a~pregna-1,3,5(10)-trien-21-oate (5)
Estrone methyl ether (&4, 6.0 g) was treated with 6.0 ml of ethyl bromo-
acetate, 4 g of activated Zn, one drop of methyl iodide and one crystal
of 12 in benzene at reflux to give 4.63 g of crude 5. Chromatography
on Al203 gave 352 mg of starting material (eluted by benzene) and 2, 03,

g (25.8%) of 5 (eluted by Et20), m.p. 104106 (1it. [10] m.p. 104-106").

I7B-Hydroxy‘3'methoxy-l7a4pgggna'l 3,5(10)-trien-21-amide (8).
Alkaline hydrolysis of 5 gave the corresponding acid, which was iso-
lated as the triethylammonium salt 6. Methyl chloroformate reacted
with 1.36 g of 6 to form the corresponding mixed anhydride 7. Without
purification the anhydride was treated in hot THF with ammonia; filter-
ing and evaporating gave 800 mg of 8. Recrystallization from methanol-
acetone gave the analytical sample, P 198-199 ; ir 3375-3325 (OH),
3150 (NH), 1672 (C=0), 1608, 720 cm '.

Apnal. Calcd for CpjH2gNO3: C, 73.43; H, 8.51; N, 4.07. Found:
C, 73.47; H, 8.39; N, 3.94.

21-Amino~3-methoxy-170~pregna=1,3,5(10)-¢trien-178-01 (9). To a
solution of 6 ml of diborane in THF under nitrogen, cooled by an ice
bath, was added slowly 476 mg of 8 in 10 ml of THF. The mixture was
heated at reflux | hour and cooled. A solution of 1.20 ml of conc.

HC1 made up to 2 ml was cooled and added to the cold reaction mixture,

Sodium hydroxide pellets were added to precipitate the product (400 mg),
m.p, 134-135 . Recrystallization from methanol raised the m.p. to 139-
140 ', and chromatography on basic A120 gave a hydrate of 9 (eluted by

NH4OH- M?OH 1:4), 88%, m.p. 141-142,5 ; ir 3350-3250 (OH and NH) , 1035,

720 cm

Anal. Calcd for CgpH31NO2*1 1/2 Hp0: C, 70.75; H, 9.61: N, 3.93
Found: C, 70.85, 70.78; H, 8.97, 9.18; N, 3.60, 3.97.

. The N-acetyl derivative, small plates out of MeOH-H20, m.p. 177z
178 , ir 3350 (OH), 3295 (NH), 1675 (C=0), 1624, 1612, 1298, 1255 cm '.
Anal. Calecd for Cp3H33NO3; C, 74.36; H, 8.95; N, 3.77. Found:
C, 74.12; H, 9.08; N, 3.89.

170-Pregna-1,3,5(10)-triene-3,178,21-triol, 3-methyl ether (11).

A solution of 16.789 g (45.07 mM) of 5 in 200 ml of benzene was concen-
trated to 180 ml for drying; it was then added dropwise to a suspension
of 15 g of LiAlHy in 500 ml of THF stirred at reflux. The mixture was
stirred at reflux 3 hr, cooled to room temperature, treated with aq
NaOH until inorg salts clumped [18]. The organic layér was diluted
with Et,0, washed with brine, dried (NapS0,) and evaporated: 14.5 g.
Recrystallization from MeOH gave 11, m.p. 160~ 164° (8L4.6%), suitable
for tosylation. The analytical sample crystallized from acetone~
petroleum ether, m.p. 164-165 , ir 3300-3250 (OH), 1606 (arom), 1240,
1034 cm™ !

Anal. Calcd for C2)H3003: C, 76.32; H, 9.15. Found: C, 75.77;
H, 9.10.

170~Pregna-1,3,5(10)~triene-3,178,21-triot,3-methyl ether, 21-
tosylate (12). A solution of 13.26 g (L40.12 mM) of 11 and 13.26 g of
tosyl chloride in 95 ml of dry pyridine stood in the - refrigerator over-
night, then was poured on ice. The oil that separated was triturated
in cold, dilute HC1 until it solidified, then was washed thoroughly
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and dried to give 17.86 g (91.8%) of crude 12, m.p. 149-153", suitable
for reaction with sodium azide. Recrystallization from acetone-
petroleum ether and from benzene-petroleum ether gave the analytical
sam?le, m.p. 155-157°, ir 3525 (wk, OH), 1602 (arom), 1172 (s03), 896
cm

Anal. Calcd for C28H36OSS €, 69.39; H, 7.49; S, 6.62, Found:
C, 69. 42 H 7.54; S, 6.55.

(13). A mixture of 17 863 g (36 86mM) of 12 and 8.93 g of NaN3 in 375
ml of DMF was kept at 88° for 4 hr, cooled to room temperature; diluted
with Hy0 to turbidity, and refrigerated overnight. The crystalline
product was filtered, washed thoroughly with H,0 and vacuum dried:

13.18 g (100%), m.p. 160-162"; ir 3550 (OH), 2870 (N3), 1600 (arom),
1235, 1040 cm ', suitable for reduction to the amine. Recrystallization
in MeOH gave the analytical sample, needles, m.p. 160-162 .

Anal. Calcd for C ]H29N302 C, 70.95; H, 8.22; N, 11.82. Found:
C, 71.02; H, 8.35; N, 1$18

ZI'AﬂﬂnO']Zg-oreana-] % 5(10)-triene-3,178-diol, 3~methyl ether
(2. A mixture of 13.00 g (36.57 mM) of 13 and 6.00 g of NaBHy in 40O
ml of i-PrOH was stirred and heated at reflux for 24 hr. Tlc indicated
a trace of starting material remaining, so 10 ml of hydrazine hydrate
(85%) and a scoop of Raney Ni were added; after an additional 5 min of
reflux, MeOH was added, the mixture filtered hot, and the filtrate
evaporated, The white solid residue was thoroughly washed with Hy0,
filtered and vacuum dried. The crude product, 12.145 g (100%), was
recrystallized in MeOH-H-0 to give 9, identical in m.p. and ir to that
prepared from the amide %

3-Methoxy=1,3,5(10)-estratriene~17(R)=spiro-6'- 2'-[bis-(2-chloro-
ethyl) aminol-2'~oxo-1'-oxa~3'-aza-2'~phosphorane__(10). A solution of
9 (1.46 g) in 4O ml of THF and 1.3 ml of triethylamine was added drop~
wise to 1.1 g of bis-(2~chloroethyl)phosphoramide dichloride in 40 ml
of THF at room temp. with stirring. After 5 hours the mixture was fil-
tered and the filtrate concentrated to dryness using a rotary evapora-
tor to give an oily residue. Crystallization from ethyl acetate gave

372 mg (16.3%) of 10, m.p. 190-191 ; ir 3150 (NH), 1606, 1240, 1212
(P0), 1084, 1034, 982, 902 cm '; nmr CDC1, & 7.2, 6.74 and 6.63 (m,
arom) 3H, 3.77 (s, CH30) 3H, 3.7-3.0 (m) ?OH, 2.6 (broad s, NH) 1H,
2.91.2 (m) 174, 0.947 (s, 18-CH 3) 3H.

Anal. Calcd for CycHi C12N203P C, 58.25; H, 7.24; €Y1, 13.75; N,
5.43; P, 6.01. Found: -, 58.71, £7.67; W, 7.3, 7.07; C1, 13.305 N,
5.38; P, 6.08.

For cyclophosphamide (L, nmr & 4.6~4.0 (m, C-6 methylene) 2H, 3.8-

9 (m, C-4 methylene and side chain methylenes) 10H, 2.37 (s, NH) IH,
.1=1.7 (m, C-5 methylene) 2H.
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