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Abstract-----Novel cyclophosphamide derivatives bearing a sugar struc- 

ture were prepared by the treatment of the amino sugars from bglucose 

and D-xylose with bis-(2-chloroethyl)minophosphoric dichloride as well 

as with phosphoryl chloride and nucleophiles. 

Cyclophosphamides, which are widely used as one of alkylation type anti-cancer agents,l have pre- 

viously been prepared via cyclo-condensation of amino alcohols derived from amino acids with sub- 

stituted phosphoramidodichloridate.2 In this communication some amino sugars were used as the 

starting materials to synthesize cyclophosphamide derivatives of sugars, because sugars are 

expected to excert biological activities by their affinity to organs. 3 

D-Glucose and i-xylose were employed as sugar starting materials in this study. These sugars were - 
converted into amino sugars. For example, 1,2-0-isopropylidene-5-@(~toluenesulfo~l)'a-~-xylo- 

furanose (3 2.3 g, 5.9 mmol) was treated with NaN3 (0.54 g, 8.3 mol) in DMF (5 ml) for 4 h at 

80C to afford the azide (1.3 g, 82%). The azide was treated with Bu3SnH (1.7 g, 6.0 nunol) in 

dry toluene (10 ml) for 5 h under reflux to give 5-amino-5-deoxy-l,2-'&isopropylidene-a-~-xylofu- 
1 ranose (ZXJ, 1.1 g, 90%): ir (neat): v =336O cm-' (CH, NH2); H nmr (CDC13/TMS): 6=l.25, 1.42 

(6H, 2s. Ole2), 3.2-3.6 (2H, m, H-5.5' ), 3.7-4.5 (5H, m, H-3,4, NHZ, OH), 4.57 (lH, d, 5.3.8 Hz, 

H-2), 5.95 (lH, d, 5.3.8 Hz, H-1): ms (70 eV): m/z=189 (Mt). 6-Amino glucose derivatives (2) 
(59% yield) and (2G&) (43%) were prepared similarly from 1,2-0-isopropylidene-3-@methy1- and 3- 

~methy1-1.2-O-iso~ro~~lidene-6-@(~toluenesulfowl)-a-~-glucofuranoses (l& and b), respective- 

ly.' A solution of (6.7 g, 19 mmol) and benzylamine (10 ml, 92 mol) in ethanol (30 m1) was 
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refluxed for 6 h. Concentration and chromatography (eluent: EtOAc/n-hexane=l/l) on silica gel of 

the reaction product gave 5-benzylamino derivative (El; yield 1.9 g (34%); ir (neat): v=3360 
-1 1 cm (OH, NH) ; H nmr (CDC13/TMS) : 8 11.30, 1.45 (6H, 2s, CMQ, 2.8-3.9 (4H, m, H-3.4.5.5' ), 

4.1-5.4 (5H, H-2, Cb2Ph, NH, OH). 5.91 (lH, d, J=3.4 Hz, H-I), 7.1-7.4 (5H, m, Ph): ms (70 

eV): m/z=279 (Mi). 6-Benzylamino glucose derivatives (s) (26%) and (E) (22%) were similarly 

prepared by the above method. 6 

Amino alcohols (ZJ and g) were converted into cyclophosphamide derivatives by the treatment with 
bis-(2-chloroethyl)aminophosphoric di~hloride.~ A dioxane (10 m1) solution of amino sugar (g) 
(0.38 g, 2.1 mmol), bis-(2-ch1oroethyl)aminophosphoric dichloride (0.58 g, 2.3 nunol), and trieth- 

ylamine (0.5 ml, 3.6 mmol) was stirred for 4 h at room temperature. Evaporation of the solvent 

followed by work-up afforded diastereomeric crude product (g), (yield 0.26 g, 66%). Compounds 

(3GJ and 3GJ) and (3XJ) were similarly prepared by the above method (Table 1 and Figure 1). 

- 
0 3GHb Bn 

Me 

3GH and % - 4 g and gJ 

'H Nmr and ir spectral data of these derivatives shown in Table 1 clearly show the formation of 
1 the cyclophosphamide ring. The H nmr spectrum shows that these compounds include the mixture of 

diastereomers judging from a pair of doublets for the proton on the C-1 (H-1). The evidence shows 

that both R- and Sstereoisomers on the phosphorus atom were produced during the present reaction. 

Diastereomers of cyclophosphamides (3GJ and z) could not be separated by column chromatography 
on silica gel, however, they suffered a decomposition during the procedure by the acidity of 

silica gel. On the other hand, protected cyclophosphamides (E and gJ) have no active hydrogen 
on the nitrogen atom of cyclophosphamide ring and then they were so stable as not to be decomposed 

by silica gel (EtOAc/n-hexane=Z/l). 

For the stereoselective synthesis of cyclophos~hamides, a method using phosphoryl chloride was 

attempted as shown in Figure 2. The chlorine on phosphorus atom in the first f o r d  cyclophospha- 

mide ring was subsequently attacked by a nucleophile as follows: A solution of phosphoryl chloride 
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Table 1. Cyclophosphamide derivatives (3) and (3). 

Product Yield/% 'H Nmr (CDCIJTMS) Ir (neat)/cm-' Ms/m/z 

1.25.1.45(6H, 2s,CMe2), 2.9(1H. bs,NH), 3.1-4.0(14H,m,H-6, 
6'. NH, OMe, 2CHzCH,C1), 4.1-4.7(4H, m, H-2.3.4.5). 5.80.5.90 
(IH, 2d, J=3.8 Hz, H-1) 
1.35,1.55(6H, 2s. CMez), 2.8-3.9(11H, m, H-6.6'. NH, 2CH2CH2C1), 
4.0-4.5(3H, m. H-3.4, 5). 4.6-4.9(3H, m,H-2,CHzPh), 5.85.5.95 
(lH, 2d. 5.4.0 Hz, H-I), 7.3-7.5(5H, m, Ph) 
1.32,1.48(6H, 2s,CMe2), 2.8-3.9(13H,m,H-6,6',0Me,2CHzCHzC1), 
4.0-4.9(6H, m, H-2,3,4, 5, CH2Ph), 5.84(1H,d. 5.3.8 Hz, H-1). 
6.9-7.6 (5H, m. Ph) 
1.28.1. 45(6H, 2s,CMe2). 2.9-3.8(10H,m,H-6,6',2CH2CH2C1), 
3.8-4.9(8H, m, H-2.3, 4, 5, 2CB2Ph), 5.71,5.80(1H, Zd, J=4.O Hz, 
H-I), 6.9-7.4(10H, m, 2Ph) 
1.20,l. 40(6H, 2s, CMel), 2.8-4.0(llH, m, H-5,5', NH, 2CHICHnCI), 
4.35(1H.d, Jz3.6 Hz, H-4), 4.65(1H, d, J=3.6 Hz. H-3). 4.80(1H, 
d, 5.3.6 Hz, H-2), 5.95,6.15(1H, 2d, 573.6 Hz,H-1) 
1.25,1.37(6H, 2s. CHez), 3.0-4.0(12H,m.H-5, 5', C&Ph, 2CH2CHI- 
Cl), 4.0-4.7(2H, m,H-3.4). 4.80(1H,d, Jr3.6 Hz,H-2), 6.15 
(1H.d. J=3.6 Hz, H-1). 7.0-7.4(5H,m, Ph) 

(0.6 ml, 6.4 mol) in CH2C12 (5 ml) was added portionwisely to a cold CH2C12 solution (5 ml) of 

amino sugar (z, 1.6 g, 5.7 mmol) and triethylamine (3 m1, 22 mmol), and the mixture was stirred 

for 2 h at room temperature. Work-up and purification of the product by chromatography on silica 

gel (EtOAc/n-hexane=2/1) afforded (B, being obtained as a sole diastereomer: yield 0.90 g (44%); 
-1 1 ir (neat): v=1030 (P-0-C), 1250 cm (P=O); H MU (CDCI3/TMS): 6 =  1.30, 1.40 (6H, 2s. CMe2), 

3.0-3.4 (2H. m, H-5,5'), 3.5-5. 0 (5H, m, H-2.3.4. CH2Ph), 5.97 (lH, d, J=3.4 Hz, H-l), 7.0-7.4 

(5H. h Ph); ms (70 eV): dz=359 (Mt), 361 (Mt + 2). A solution of $XJ (0.28 g, 0.78 mmmol) and 

sodium methoxide (0.1 g, 1.9 mmol) in MeOH (85 ml) was refluxed for 6 h. Work-up and purification 

of the puroduct by chromatography on si lira gel (EtOAc) afforded 1.2-Disopropylidene-a:-;-xylo- 

furanose cyclic-3(0), 5(N)-(methylphosphmidate), m: yield: 0.096 g (35%). In the case where 

diethylamine (2.0 ml, 19 mmol) was used as the nucleophile in CC14 (5 ml). $XJ (0.17 g. 0.47 

mmol) afforded @ (0.08 g. 43%) (Table 2 and Figure 2). 

8 According to previous reports on cyclophosphamide syntheses and on stereochemistry about the 

nucleophilic attack proceeding with inversion of the config~ration.~ as well as to the present 

result where only one spot was observed in the each tlc analysis of the product, the R-stereoiso- 

mer on the phosphorus atom in the ring of reaction products (g) and ( E , b )  might be prepared 
as the major product in the present reaction. 

Studies on the conformation of these new cyclophosphamide derivatives are in progress. 
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Figure 2. Preparation of cyclophosphamides ( S )  and (E) by an action of phosphoryl chloride 

and nucleophiles. 

Table 2. Cyclophosphamide derivat ives (SJ& and b). 

Product Nu Yield/% ' H  Nmr (CDC12/THS) I r  (neat)/cmW1 Ms/m/z 

SXBa EtzN 35 1.05(6H, t, 5.7.8 Hz, 2CH2CHa), 1.29.1.42(6H,2s, CHez), - 1230(P=0) 396(M') 
2.4-3.5(6H, m, H-5.5'. 2CHzcH3), 3.6-4.5(3H.m, H-4, CHzPh), 1040(P-0-C) 
4.55(1H,d, J=4.0 Hz, H-37, 4.71-4.90(1H. m,H-Z), 5.91(1H. 
d, J=4.O Hz. H-l), 7.0-7.5(5H,m,Ph) 

,SXBb - Me0 43 1.30,1.43(6H, 2s,CMe2), 3.0-3.5(2H,m,H-5.5' ), 3.70(3H, 1250(P=0) 355(M4) 
d, J=12 Hz.OMe), 4.0-4.9(5H, m. H-2, 3,4,CHzPh), 5.94(1H. 1030(P-0-C) 
d. 5.3.4 Hz. H-1). 6.9-7.5(5H.m. Ph) 

REFERENCES AND NOTE 

1. K. Umezawa, Gendai Kagaku, 1988. 18. 

2. T. Sato. H. Ueda. K. Nakagawa, and N. Bodor, J. Org. Chern., 1983, 48, 98. 

3. K. Hatanaka, Chemistry and Chemical Industry, 1988, 42, 1404. 

4. Compound numbers with 5 and 5 mean glucose and xylose derivatives, respectively, and those 

with and g mean unprotected and protected (by benzyl) amino derivatives, respectively. 

5. Data of m: I r  (neat) :  v =335O cm-' (OH, NHz); 'H nmr (CDCldTMS): 6=l .30 ,  1.47 (6H. 2s, CMez), 

1.8-2.3 (3H, m, NH2.0H), 2. 9-4.3 (5H, m, H-3.4.5.6.6' ), 3.42 (3H, s,OMe), 4.56 (lH,d, J=3.5 Hz, H-2). 

5.77 (lH,d. 5.3.5 Hz,H-1); ms (70 eV): m/z=233 (El*). Data of a: I r  (neat):  3380 cm-' (OH, 
NH2): 'H  nmr (CDCI3/TMS): 6 ~ 1 . 3 0 ,  1.47 (6H, 2s,CMez), 1.8-2.2 (3H. m,NH,,OH), 2.90 (2H, d, J13.5 

Hz. H-6,6' ), 3.7-4.3 (3H. m,H-3.4.5). 4.4-4.7 (3H.m.H-2, Cl&Ph); ms (70 eV): m/z=309 (M'). 

6. Data of E: I r  (neat) :  v=3310 cm-' (OH,NH2); 'H nmr (CDCIJTMS): 6=1.24, 1.40 (6H, 2s. CMez), 

2.1-2.5 (2H, bs, NH, OH), 2.6-2.9 (2H, m, H-6,6'). 3.28 (3H, s, OMe), 3.5-4.1 (SH, m,H-3,4,5, CtjzPh), 

4.40 (lH, d. 5.3.5 Hz, H-2). 5.67 (IH, d, J=3.5 Hz,H-1). 6.9-7.3(5H,m, Ph); ms (70eV): dz=323  (M'). 

Data of E b :  I r  (neat) :  v =3345 cm-' (OH, N H d :  'H nmr (CDCIJTMS): 6=1.30, 1.47 (6H. 2s. CMe2), 

2.7-3.0 (2H, m. H-6,6' ), 3.78, 3.82 (4H.2~. 2CHzPh), 4.0-4.8 (6H, m,H-2,3,4,5, NH, OH), 5.88 (lH, d, 

5.3.5 Hz, H-1). 7.0-7.5 (10H, 2m, 2Ph) ; ms (70 eV): m/z=399 (M'). 
7. A. Takamizawa, Chemistry and Chemical Industry, 1984, 37, 92. 

8. D. B. Cooper, J. M. Harrison. and T. D. Inch, Tetrahedron Lett.. 1974. 2697. 

9. D. Valentine, Jr., "Asymmetric Synthesis," ed. by J. D. Morrison, Vol 4, Academic Press, 

Orlando, 1984, Chapt 3. 

Received, 17th  August, 1992 


