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Abstract 0 2-Chloroethyl (methylsulfonyl)methanesulfonate (clome- 
sone) is highly effective against certain experimental neoplasma and is 
now undergoing initial clinical trials. Two groups of analogues have been 
prepared to explore further the anticancer activity of this type of 
sulfonates. The first group is comprised of several 2-chloroethyl sul- 
fonates that have electron-attracting groups (Y to the sulfonate group; 
among these, the cr-chloroethanesulfonate and the (trifluoromethy1)- 
methanesulfonate caused increases in lifespan of 45 and 72%, respec- 
tively, in tests against P388 leukemia in mice. The second group is 
comprised of several (methylsulfonyl)methanesulfonates that possess 
alkylating groups other than the 2-haloethyl groups. 2-Hydroxyethyl 
(methylsulfonyl)methanesulfonate was active against P388 leukemia 
(increases in lifespan, 66 and 94%), but was less effective than 
clomesone, which effects cures. The 3-chloropropyl and the propyl 
derivatives caused modest increases in lifespan. Therefore, several 
2-chloroethyl cr-substituted methanesulfonates are less effective against 
P388 leukemia than is the cr-(methylsulfonyl) derivative (clomesone), and 
several substituted alkyl (methylsulfonyl)methanesulfonates are also 
less effective than is the 2chloroethyl derivative (clomesone). The 
synthesis of clomesone was simplified to one operational step from 
methanesulfonyl chloride. 

Because of the superior effectiveness of (2-chloroethy1)tri- 
azenes and 2-chloroethyl-N-nitrosoureas against experimen- 
tal neoplasma, 2-haloethyl sulfonates (1,2) that represent a 
spectrum of expected haloethylating activities were synthe- 
sized and tested against P388 leukemia in mice.1 Arene- 
sulfonates (21, regardless of the degree of expected reactivity, 
were ineffective. The most effective sulfonates were 2-chloro- 
ethyl methanesulfonates (3) that have an electron-attracting 

group at the a-position. Thus, 2-chloroethyl chloromethane- 
sulfonate (3a) was significantly more effective than the 
long-known chloroethyl methanesulfonate (1; R = CH,, X = 
Cl), which showed only minimal activity.1 The (methylsulfo- 
ny1)methanesulfonate structure was then chosen for investi- 
gation, and 2-chloroethyl (methylsulfony1)methanesulfonate 
(4) was shown to be vastly superior to the previously synthe- 
sized 2-haloethyl sulfonates in tests against P388 leukemia.2 
Furthermore, a group of (methylsulfonyl)methanesulfonates, 
including 4, were more effective than the corresponding 
methanesulfonates and chloromethanesulfonates.2 The 
2-chloroethyl derivative (4) has been designated clomesone by 
the National Cancer Institute. It has been shown to be highly 
effective, also, against lymphoid leukemia L1210, melanotic 
melanoma B16, Lewislung carcinoma, and M5076 sarcoma in 
mice3.4 and is undergoing initial clinical trials. 

Because of the high anticancer activity of clomesone, the 
effect on activity of both parts of the clomesone structure 
(namely, the a-substituted sulfonate part and the alkyl group) 
has been explored further. The synthesis and testing of some 
additional a-substituted 2-chloroethyl sulfonates (6) and 
some (methylsulfony1)methanesulfonates (8) with allcylating 
groups other than 2-haloethyl groups are described in this 
report (Scheme I). The rationales for these two types of 
structure follow. On the basis of studies of the mechanism of 
action of 2-chloroethyl-N-nitrosoureas by Kohn and by oth- 
ersm, it was expected2 that clomesone and other active 
2-chloroethyl sulfonates would chloroethylate DNA and that 
interstrand or intrastrand cross-linking of DNA would then 
occur. Unlike the chloroethylnitrosoureas, the chloroethyl 
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sulfonates cannot cause carbamoylation,z which is evidently 
undesirable, and little, or no, 2-hydroxyethylation would be 
expected a priori. Investigations by Kohn, Gibson, and co- 
workers have shown that clomesone does indeed chloroethy- 
late DNA.9-11 DNA cross-links then form in DNA of cells that 
are deficient in DNA-guanine-06-alkyltransferase9,12.13 or in 
isolated DNA treated with clomesone.14J5 There are differ- 
ences, however, between the chloroethylnitrosoureas and 
clomesone in alkylation and in cross-linking of DNA.10-17 The 
new 2-chloroethyl derivatives represented by structure 6 
have electron-attracting groups at the a-position of the 
sulfonate moiety and permit further investigations of the 
antineoplastic activity of this type of structure. It has been 
suggested that interstrand DNA-DNA cross-linking might 
not be the primary mechanism of cytotoxicitpJ7; the (meth- 
ylsulfony1)methanesulfonates (8) are derivatives that can 
dkylate but cannot cross-link. 

Results and Discussion 
Chemistry-The original synthesis of clomesone (4) began 

with methanesulfonyl chloride and proceeded via the isolated 
intermediates sodium (methylsulfony1)methanesulfonate 
(7a) and (methylsulfony1)methanesulfonyl chloride (7b). 
Clomesone was obtained in yields of 45-50% by treating 7b in 
ethyl acetate with 1.1 equivalents of 2-chloroethanol(9) and 
1.2-1.3 equivalents of triethylamine. It appeared likely that 
clomesone could be formed directly from (methylsulfony1)- 
sulfene (10) or its triethylamine adduct (ll), which are 
intermediates in situ.2JSJg This possibility proved to be 
practicable; thus, clomesone was obtained in one operational 
step in yields of 50-60% by treating a cold solution of 
methanesulfonyl chloride, triethylamine, and acetonitrile 
with 2-chloroethanol. 

The 2-chloroethyl a-substituted-sulfonates (6a-d) were 
prepared from the appropriate a-substituted sulfonyl chloride 
(5) and 2-chloroethanol, and the ethyl sulfonate 6e was 
prepared from 5d and ethanol. (Methylsulfonyllmethane- 
sulfonates 8a and 8b were prepared similarly from 7b. The 
(benzy1oxy)ethyl (8c), 3-chloropropyl (gel, and propyl (80 
(methylsulfony1)methanesulfonates were prepared from 
methanesulfonyl chloride by the one-step procedure described 
for the improved synthesis of clomesone. The (benzy1oxy)ethyl 
derivative (8c) was prepared to serve as a precursor of 
2-hydroxyethyl (methylsulfony1)sulfonate (8d), which was 
obtained by hydrogenolysis of 8c. 

Biological Evaluation-Because the bromomethane- 
sulfonate (3b) and the cyanomethanesulfonate (3d) increased 
the lifespan of mice inoculated intraperitoneally with P388 
leukemia,' the analogous 2-chloroethyl ethanesulfonates (6a 
and 6b) were prepared for testing. Similar chloroethyl sul- 
fonates with the trifluoromethyl (64 or the ethoxycarbonyl 
(6d) groups as the electron-attracting centers at the a-position 
were also prepared. In tests against P388 leukemia performed 
in accordance with standard protocols, the cyanoethane- 
sulfonate (6b) was active at 50 mg/kg/day [ratio of treated to 
control (T/C), 145 and 172%], and the 2,2,2-trifluoroethane- 
sulfonate (6c) increased lifespan in two tests at 100 mg/kg/day 
(TIC, 145 and 138%). For comparison, results of tests of 
clomesone at two doses against P388 leukemia, according to 
the same protocols, are summarized in Table I. 

Further variations of the alkylating moiety of the (meth- 
ylsulfony1)methanesulfonate structure are represented by 
structure 8. Compounds 8a and 8b possess potential two- 
carbon alkylating moieties; they were not active in routine 
tests against P388 leukemia. The clomesone homologue (the 
chloropropyl derivative 8e) displayed only minimal activity 
in tests against P388 leukemia (T/C, 131 and 135% at 200 
mg/kg/day), whereas similar tests with clomesone had re- 

sulted in survival of some of the treated animals until the 
tests were terminated at 60 days.2 The T/C ratios resulting 
from tests of 8e were not significantly different from those 
from tests of the propyl derivative (80. 

Interactions of (2-chloroethy1)nitrosoureas and their trans- 
formation products with DNA result in 2-hydroxyethylation 
as well as 2-chloroethylation. 2-Hydroxyethylation is a major 
result of these interactions,ll.20.21 but 2-hydroxyethylation 
evidently is not responsible for antitumor activity.10 Clome- 
sone cannot generate the intermediates that form from 
chloroethylnitrosoureaa and that evidently are responsible 
for 2-hydroxyethylation of DNA.22-24 2-Hydroxyethyl (meth- 
ylsulfony1)methanesulfonate (8d) was prepared to determine 
whether the clomesone analogue would have activity. Com- 
pound 8d increased lifespan in tests against P388 leukemia at 
doses of 50, 100, and 200 mg/kg/day, the values of T/C being 
166 and 194% in two tests at the latter dose (Table I). 

Conclusion-In tests versus P388 leukemia in mice, none 
of the sulfonate moieties reported here or previously1 are 
superior to the (methylsulfony1)methanesulfonate group as 
the carrier group of the chloroethyl group, and none of the 
alkylating groups (ref 2 and structure 8) attached to the 
(methylsulfony1)methanesulfonate group are superior to the 
chloroethyl group. 

Experimental Section 
General Methods-Melting points (mp) were determined in capillary 

tubes heated in a Mel-Temp apparatus. MS data were taken from 
low-resolution, electron-impact spectra determined at 7,O eV with a 
Varian/MAT 31lA Spectrometer; M = molecular ion (M*).+Xher MS 
*+were assigned to fragments [(M minus a fragment). or (frag- 
ment).] that are represented for simplicity as uncharged species. IR 
absorption data were taken from spectra recorded with a Nicolet 10 
MXE spectrometer; s = strong, vs = very strong, br = broad, sh = 
shoulder. The IR spectra of solids were recorded from specimens in 
pressed KBr disk, spedra of liquids or low-melting solids were recorded 
from capillary films on KBr windows. NMR spectra were determined at 
300.64 MHz with a Nicolet 300 NB NMR spectrometer or at 100.1 MJ3z 
with aVarian model XL100-15 NMR spectrometer. Tetramethylshe 
was the internal standard, and the solvent was CDC1, or deuterated 
dimethylsulfoxide. The apparent multiplicity of the signals and the 
assigned positions of the protons are listed parenthetically with the 
chemical shifls; s = singlet, t = triplet, m = multiplet, qt = quartet, qn 
= quintet. Specimens of the sulfonate esters were protected from 
atmospheric moisture and were stored in a freezer. 

2-Chloroethyl (Methylsulfony1)methanesulfonate (Clomesone, 
4): Synthesis in One Operational Step from Methanesulfonyl 
Chloride-A solution of 133 g (1.32 moll of triethylamine in 400 mL 
of anhydrous acetonitrile was cooled to -30-40 "C, and a solution 
of 100 g (0.88 mol) of methanesulfonyl chloride in anhydrous aceto- 
nitrile (67 mL) was added in a dropwise manner at a rate that 
prevented the temperature from rising above -30 "C. The mixture 
was stirred at -30--40 "C for 1 h, and a solution of 35.4 g (0.44 mol) 
of anhydrous 2-chloroethanol in anhydrous acetonitrile (30 mL) was 
added in a dropwise manner. The resulting mixture was stirred for 2 
h at -36-40 "C and then was filtered to separate triethylamine 
hydrochloride. The latter material was washed with ethyl acetate, the 
washings were combined with the filtrate, and the organic solution 
was concentrated under reduced pressure to an oil. A solution of the 
residual oil in ethyl acetate (1200 mL) was washed quickly with two 
portions (2 x 200 mL) of dilute NaCl solution and then with two 
portions (2 x 200 mL) of saturated NaCl solution, dried (MgSO,), 
filtered, and concentrated under reduced pressure. The residual solid 
(70 g) was dissolved in methylene chloride (450 mL), and the solution 
was filtered and diluted slowly with cyclohexane (450 mL). The 
mixture, protected from atmospheric moisture, was allowed to stand 
at room temperature for -1 h and was then stored at low tempera- 
tures (-5°C) overnight. The precipitate was collected by filtration, 
washed with cyclohexane, and dried under reduced pressure over 
phosphorus pentoxide: yield, 58.7 g (56%); mp, 60-62 "C; 'H NMR 
(300.64 MHz, CDC1,): 6 3.26 (8, CH,), 3.80 (t, CH,Cl), 4.65 (t, OCH,), 
4.67 (8, SCH,S). The IR and mass spectra were identical with those 
of 4 prepared by the route reported previously.2 
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Table I-Chloroethyl a-Substituted-Sulfonates and (Methylsulfonyl)methanesulfonlc Esters versus P388 Leukemla In VIVO"~~ 

Wt. Change Dfl. By Survival Timee Dose, mglkglday Deaths by 
(q.d. 1-5) Day 5iTotal' Day 5d (l - C), g Days, TIC TIC Ratio, % 

Compound 

6a 

6b 

6c 

6d 

6e 

8a 

8b 

8C 

8d 

8e 

81 

Clomesome2.3 
6 Experiments 

5 Experiments 
(5 or 6 micelexpt.) 

(6 micelexpt.) 

200 
100 
50 
25 

100 
50 
50 
25 
12.5 

200 
100 
50 
25 

100 
50 
25 

200 
100 
50 

200 
100 
50 

200 
100 
50 

200 
100 
50 
50 
25 
12.5 

200 
100 
50 
25 

200 
100 
50 
25 

200 
100 
50 
25 

400 
200 
100 
50 

200 
100 
50 
25 

200 
100 
50 
25 

400 
200 
100 
50 

33 

50 

616 
016 
016 
016 
616 
016 
016 
016 
016 
616 
016 
016 
016 
016 
016 
015 
016 
116 
016 
016 
016 
016 
416 
016 
016 
616 
216 
016 
016 
016 
016 
1 I6 
016 
016 
016 
216 
016 
016 
016 
016 
016 
016 
016 
516 
0/6 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
616 
016 
016 
016 

0134 

0130 

f - 

-0.6 
0.0 
0.23 
- 

-2.2 
-1.4 
-1.1 

0.3 
- 

-3.6 
-1.1 
-0.3 
-3.3 
-1.1 
-0.2 
-1.9 
-0.1 
-1.1 
-0.7 

0.0 
-0.2 

0.2 
-0.8 

- 5 2  
-3.6 
-2.7 
-1.7 
-0.8 
-3.4 
-2.4 

0.0 
-0.2 
-2.9 
-0.6 
-3.0 
-1.1 
-3.7 
-1.6 
-0.9 
-0.7 

-1.3 
-0.5 

0.3 
-2.5 

0.1 
-0.8 

0.1 
- 4 9  
-1.7 
-0.3 
-0.2 

-2.0 
-0.9 
-0.5 

- 1.5-2.8 

-1.6-3.4 

- 

- 

- 

- 

tQ 
12.311 2.0 
12.3112.0 
1 1 B112.0 

t 
16.311 1.2 
19.811 1.5 
14.811 1.5 
13,911 1.5 

t 
15.3110.5 
14.011 0.5 
12.311 0.5 
18.011 3.0 
13.3113.0 
13.5113.0 
12.311 1.7 
12.711 1.7 
12.011 1.7 
12.011 1 .o 
11.0/11.0 
11 .a11 1 .o 

t 
10.8110.3 
1 1 . O h  0.3 

t 
12.311 1.2 
12.411 1.2 
11.711 1.2 
11 .Oll1.2 
12.111 1.2 
12.9/11.9 
12.1111.9 
11 .a11 1.9 
13.011 1.9 
18.811 1.3 
17.011 1.3 
14.811 1.3 
13.711 1.3 
21 .Ol10.8 
17.711 0.8 
14.8110.8 
12.3110.8 

t 
13.911 0.6 
12.3110.6 
11.4110.6 
14.811 0.9 
11.4110.9 
12.311 0.9 
10.811 0.9 
14.011 1 .O 
12.811 1 .O 
11.311 1 .O 
11.911 1 .o 

t 
13.011 1.3 
11.311 1.3 
12.011 1.3 

- 

216616" 

- 
102 
102 
98 

145 
172 
128 
120 

145 
133 
117 
138 
102 
1 03 
105 
108 
102 
109 
100 
107 

104 
106 

1 09 
110 
104 
98 

108 
108 
101 
99 

109 
166 
150 
130 
121 
194 
163 
137 
113 

131 
116 
107 
135 
104 
112 
99 

127 
116 
102 
108 

115 
100 
106 

179-209 

225335' 

- 

- 

- 

- 

- 

- 

a Mice were inoculated with lo6 P388 leukemia cells on Day 0; C = control group of animals; T = treated animals. Compounds were administered 
intraperitoneally within -5 min of the time of preparation of solutions or suspensions (5-min unstable compound}; 6a, 6b, 6d, 6e, 8a, 8c, and 8e were 
administered in saline plus polysorbate 80; 6e, 8b, and 8d were administered in saline; and 8 f  was administered in aqueous hydroxypropyl cellulose. 

Number of treated mice dead on or before day 5lnumber of treated mice. Average change in weight by day 5 of treated mice minus average change 
in weight of control mice. A compound is considered3' to be toxic (t) if mortality by day 5 2 3 of 6, TIC 45%, or the weight change difference (l 
- C) is greater in magnitude than -49. '-, Not applicable. t, Compound is toxic. 60-Day survivors. ' Percent TIC for non-survivors. 
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2-Chloroethyl oBromoethanesu1fonat.e (6at.A solution of 2.13 g 
(26.5 mmol) of 2-chloroethanol, 2.92 g (28.9 mmol) of dry triethyl- 
amine, and 5 mL of ethyl acetate was added in a dropwise manner 
during 20 min to a solution, chilled in an ice bath, of 5.0 g (24.1 mmol) 
of a-bromoethanesulfonyl chloride25 (5a) in 50 mL of ethyl acetate. 
The mixture was stirred during 4 h in the ice bath, and the 
triethylamine hydrochloride was separated by filtration and washed 
with ethyl acetate. The filtrate (plus the washings) was washed with 
saturated aqueous NaCl solution (3 x 20 mL), dried (MgSO,), filtered, 
and concentrated under reduced pressure to an oil; 5.4 g (89% yield). 
The oil was disti l ld yield, 3.5 g (58%); bp, 79-80.5 "C at 0.01 mm Hg; 
MS (direct-probe temperature 20 "C): m/z 251 (M + HI, 201 and 203 
(M - CH,Cl), 186 (M - CH,CH,Cl + H), 171 (M - Br), 127 
(ClCH,CH,OSO), 107 and 109 (CH,CHBr), 79 (CH,CH,Cl), 63 
(ClCH,CH,); IR (strong and medium bands): 2975, 1445, 1385 sh, 
1363 vs, 1305, 1189, 1167 vs, 1151 8, 1069, 1052, 1000 8,955 8,905 
8, 778, 715,670,635, and 570 cm-'; 'H NMR (100.1 MHz, CDCl,): 6 
2.09 (d, CH,), 3.78 (t, CH,Cl), 4.60 (t, OCH,), 5.00 (qt, CHI. 

AnaLCalcd for C4H,BrC10,S C, 19.10; H, 3.21. Found C, 19.44; 
H, 3.20. 

2-Chloroethyl oCyanoethanesulfonate (6bbCompound 6b was 
prepared from cr-cyanoethanesulfonyl chloride26 by a procedure sim- 
ilar to that described for the preparation of 6a: yield after distillation, 
41%; bp, 7940°C at 0.02 mmHg MS (direct-probe temperature 
20 "C): rnlz 198 (M + 11, 162 (M - Cl), 157, 148 (M - CH,Cl), 127 
(ClCH,CH,OSO), 117,93,63 (ClCH,CH,), 54 (CH,CHCN); IR (strong 
and medium bands), 2940,1455,1391 8,1372 vs, 1307,1197,1180 vs, 
1166 8,1069,995 vs, 956 ~ 8 , 9 0 8  6,777,715, and 601 cm-'; weak IR 
band, 2255 cm-' (CN); 'H NMR (100.1 MHz, CDCl,): 6 1.85 (d, CH,), 

And-Calcd for C,H,ClNO,S C, 30.38; H, 4.08; N, 7.09. Found: C, 
30.25; H, 4.06; N, 6.86. 

2-Chloroethyl 2,2,2-Trifluoroethanesulfonate (&)--Compound 
6c was prepared from 2,2,2-trifluomethanesulfonyl chloride27 by a 
procedure similar to that described for the preparation of 6a: yield 
after distillation, 37% bp, 80-81 "C at 0.5 mm Hg; IR (strong and 
medium bands): 3015,2965, 1393 vs, 1379 vs, 1332 vs, 1273 8, 1257 
vs, 1183 vs, 1143 vs, 1092 s,lOOO 8,959 6,912,674, and 592 cm-l; 'H 
NMR (100.1 MHz, CDC1,): 6 3.77 (t, CH,Cl), 3.98 (m, CF,CH,), 4.56 

Anal.-Calcd for C,H,ClF,O,S: C, 21.20; H, 2.67. Found C, 21.34; 
H, 2.94. 

Ethyl [(2-Chloroethyloxy)sulfonyllacetate (6dbCompound 6d 
was prepared from ethyl (chlorosulfonyl)acetat&* by a procedure 
similar to that described for the preparation of 6a: yield after 
distillation, 65%; bp, 107-107.5 at 0.01 mmHg; MS (direct-probe 
temperature 20°C): mlz 231 (M + HI, 185 (M - OEt), 181 (M - 
IR (strong and medium bands): 2985,2960 br, 1745 vs, 1371 vs, 1306 
8,1176 8,1128, 1070,1024, 1002 8,960, and 914 br cm-'; 'H NMR 
(100.1 MHz, CDCl,): 6 1.34 (t, CH,CH,OCO), 3.78 (t, CHzCl), 4.18 (8, 

Anal.-Calcd for C,HllC105S: C, 31.24; H, 4.81. Found C, 31.32; H, 
4.91. 

Ethyl [(Ethyloxy)sulfonyl]acetate (6eHompound 6e was pre- 
pared by a procedure similar to that described for the preparation of 
6a: yield after distillation, 82%; bp, 74-74.5 "C at 0.005-0.001 
mmHg; MS (-150°C): mlz 196 (MI, 181 (M - CH,), 151 
(EtOCOCH,SO,), 123 (M - COOEt); IR (strong and medium bands): 
2990,2960, 2945,1746 vs, 1390 sh, 1373 vs, 1362 8, 1291 8, 1177 6, 
1126, 1026, 1001 8, 930 8,915 sh, 805,625, and 525 cm-'; 'H NMR 

3.81 (t, CHZCl), 4.22 (qt, CH), 4.68 (t, OCHZ). 

(t, OCH,). 

CHZCl), 167 (EtOCOCHZSO,), 151 (EtOCOCH,SOJ, 63 (ClCH2CHZ); 

OCCHaS), 4.30 (qt, CH,CH,), 4.57 (t, OCH2CH2Cl). 

(100.1 MHz, CDC1,): 6 1.33 (t, CH&H2OCO), 1.44 (t, SOzOCH,CHJ, 
4.10 (8, OCCH,S), 4.28 (t, CH,CHzOCO), 4.44 (t, SO,OCH,CH,). 

And-Calcd  for C,Hl,05S: C, 36.72; H, 6.16. Found C, 36.74; H, 
6.32. 

2,2,2-Trifluoroethyl (Methylsulfony1)methanesulfonat.e (8at.A 
solution of 1.71 g (17.1 mmol) of 2,2,2-trifluoroethanol, 1.88 g (18.7 
mmol) of triethylamine, and 5 mL of ethyl acetate was added in a 
dropwise manner for 20 min to a solution, chilled in an ice bath, of 3.0 
g (15.6 mmol) of (methylsulfony1)methanesulfonyl Chloride' (7b) in 
20 mL of ethyl acetate. The mixture was stirred in the ice bath for 3 
h and then stored in a refrigerator overnight, and the triethylamine 
hydrochloride was separated by filtration and washed with ethyl 
acetate. The filtrate (plus washings) was washed successively with 
cold water (2 x 20 mL) and saturated NaCl solution (2 x 20 mL), dried 
(MgSO,), filtered, and concentrated under reduced pressure to a solid 

residue: yield of crude product, 3.0 g (75%); mp, 6 5 4 8  "C. A solution 
of the residue in ethyl acetate was filtered, diluted with h e m e ,  and 
stored in a refrigerator overnight. The crystalline product was 
collected by filtration and washed with h e m e :  yield, 1.4 g (35%); mp, 
74-76 "C; MS (direct-probe temperature, 100 "C): rnlz 257 (M + H), 
256 (M), 241 (M - CH,), 237 (M - F), 187 (CH,SO.$H~SO~OCH,), 
178, 162 (SO,OCH,CF, - HI, 157 (CH,SO,CHzSO,), 147, 94 
(CH,SO,), 83 (CHZCF,), 79 (CH,S02), 69 (CF,), 63 (CHSSO); IR 
(medium and strong bands): 2990,2925, 1375 vs, 1317 vs, 1307 vs, 
1275,1240,1186 vs, 1148 8,1130,1042 8,960 6,873,862 6,835,775, 
768,587,525,503, and 465 cm-'; 'H NMR (100.1 MHz, MezSO-&): 
6 3.25 (8, CH,SO,), 5.04 (m, CH,CF,), 5.89 (8, SCH,S). 

Anal.--Calcd for C4H7F305S2: C, 18.75; H, 2.75. Found C, 19.01; H, 
2.81. 

Ethyl [(Methylsulfonyl)methanesulfonylloxyacetate (8b)- 
Compound 8b was prepared from ethyl hydmxyacetate and 7b by the 
procedure described for the preparation of 8a. The crude product (65% 
yield) was dissolved in ethyl acetakhexane and purified by chroma- 
tography on silica gel, with ethyl acetatehexane (2:l) being used for 
development and elution: yield, 35%; mp, 58-60 "C; MS (direct-probe 
temperature, 220°C): m/z 260 (M), 215 (M - OEt), 187 

(CH,SO,), 63 (CH,SO); IR (strong and medium bands): 2977,2912, 
1750 vs, 1420,1375 vs, 1324,1302 8,1297 8, 1253 8, 1247 8,1179 vs, 
1127,1120,1043 8,1012,975,878 vs, 805 8,515 8, and 465 cm-'; 'H 
NMR (100.1 MHz, Me,SO-&): 6 1.23 (t, CH,CH,), 3.23 (8, CH,SO,), 
4.22 (qt, CH'CH,), 5.01 (8,  SOsCH2), 5.72 (8, SCH2S). 
Anal.--Calcd for C6H120,S,: C, 27.68; H, 4.65. Found C, 27.62; H, 

4.58. 
2-[~Phenylmethyl~oxylethyl~Methylsulfonyl~methanesulfonate 

(8c>--compound & was prepared from 125 mmol of methanesulfonyl 
chloride, 188 mmol of triethylamine, and 65.7 mmol of 2-[(phenyl- 
methy1)oxyJethanol by the one-step procedure described for the 
preparation of clomesone (4). The light yellow oil obtained by 
concentrating the acetonitrile:ethyl acetate solution under reduced 
pressure was dissolved in ethyl acetate, and the solution was washed 
quickly with water and with saturated aqueous NaCl, filtered, dried 
(MgSO,), and concentrated under reduced pressure to a light yellow 
oil (14.0 g). The crude product was dissolved in ethyl acetatehexane 
(3:l) and subjected to fiash chromatography on silica gel. The 
fractions that contained only &, determined by TLC, were combined 
and concentrated under reduced pressure. The residual oil was stored 
at low temperatures under argon, to deter discoloration, and then 
crystallized from ethyl acetakcyclohexane: yield of white needles, 
7.0 g (34%); mp, 60-62 "C; MS (direct-probe temperature, 20 "C): rnlz 

(CH,SO,CH,SO,OCH,), 157 (CH,SO,CH,SO.J, 94 (CHZSO,), 79 

308 CM), 201 (M - OCH,C&&, 187 (CH,SO&H,SO,OCH,), 175 
(CH3S02CH2S0, + 2H), 157 (CHSSOzCH2S02), 107 (C,H&H,O), 91 
(C,H,CH,), 79 (CH,SO,), 63 (CH,SO); IR (strong and medium bands): 
2995, 2932, 1384 s, 1374 8, 1369 8, 1360, 1315 vs, 1184 vs, 1165 vs, 
1128, 1120, 1002, 932 8, 923 8, 870, 804, and 742 an-'; 'H NMR 
(300.64 MHz, CDCl,): 6 3.13 (8, CH,SO,), 3.77 (m, SO,CH,CH,O), 
4.59 (m, SO,CH,CH,O + ocH2c,H5), 4.73 (8, SCH,S), 7.45 (m, CeH5). 

AnuZ.--Calcd for CllH160,S,: C, 42.84; H, 5.23. Found C, 42.61; H, 
5.26. 

2-Hydroxyethyl (Methylsu1fonyl)methanesulfonat.e ( 8 d t A  mix- 
ture of 2.0 g of 8c, 40 mL of ethyl acetate, and 100 mg of 5% 
palladium-charcoal catalyst was stirred in an atmosphere of hydro- 
gen at atmospheric pressure. After the initial uptake of hydrogen had 
subsided, a second portion of the catalyst (150 mg) was added and the 
stirring was continued. The rate of hydrogenolysis was slow at first, 
then increased, and finally declined until the uptake of hydrogen 
essentially ceased. The catalyst was separated by filtration and 
washed with ethyl acetate, and the filtrate (plus washings) was 
concentrated to an oil that was stored at low temperatures under 
argon. The product crystallized to a white solid and was dried 
thoroughly under reduced pressure (oil pump) at room temperature: 
yield, 1.4 g (99%); mp, 3639°C; MS (direct-probe temperature, 
20 "C): m/z 219 (M + H), 201 (M - OH), 188 (M - CH,OH + H), 175 
(CH,SO2CH,SO3 + 2H), 157 (CH,SO,CH,SO,), 124 (S03CH2CH20H 
- H), 94 (CH,SO,), 79 (CH,SO,), 63 (CH,SO); I R  3540 br, 3365 br, 
2985, 2930, 1370 sh, 1362 8, 1320 vs, 1240, 1183 vs, 1150 vs, 1120, 
1080, 986 s, 924 vs, 860, 796,510, and 468 cm-'; 'H NMR (300.64 
MHz, CDCl,): 6 3.27 (8,  CH,SO,), 3.95 (m, CHzOH), 4.56 (m, 
SO,CH,CH,), 4.74 (8, SCH,S). 

Anal.-Calcd for C,Hl,O,S,: C, 22.01; H, 4.62. Found: C, 22.33; H, 
4.94. 
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3-Chloropropyl (Methylsu1fonyl)methanesulfonate (8e)- 
Compound 8e was prepared by the one-step procedure described for 
the preparation of clomesone (4). The residual oil obtained by 
concentrating the ethyl acetate solution under reduced pressure was 
crystallized from dich1oromethane:cyclohexane: yield, 53%; mp, 5% 
59 "C; MS (direct-probe temperature, 20 "C): mlz 251 (M + H), 201 (M 
- CHzCl), 187 (CH,SO,CH,SO2OCH,), 175 (CH,qSO,CH,SO3 + ZH), 
157 (CH3SO~CHZSO2), 109 (CH,SO,OCH, + H), 94 (CH2SOJ, 80 
(SO,), 79 (CH,SO,), 63 (CH,SO); IR (medium and strongbands): 2996 
8,2934,1370 vs, 1355,1329 vs, 1285,1181 vs, 1174 8,1166 8,925 vs, 
858 8. 778. 760. 602. 524. and 505 cm-': 'H NMR (300.64 MHz. 
CDC,): 6 2.26 (qn, CHzCkzCH2), 3.26 (8, CH3S0,), 3.71 (t, c&.C1); 
4.61 (t, OCH,), 4.63 (8,  SCH,S). 

AnaZ.--Calcd for C,Hl,C106S,: C, 23.95; H, 4.42. Found: C, 24.16; 
H, 4.46. 

Propyl (Methylsulfonylhethanesulfonate (8fl-Compound 8f 
was prepared by the one-step procedure described for the preparation 
of clomesone (4). The crude solid obtained by concentrating the ethyl 
acetate solution was dissolved in ethyl acetate:hexane (21) and 
subjected to flash chromatography on silica gel. Fractions that 
contained Sf, determined by TLC with detection of spots with iodine 
vapor, were combined and concentrated under reduced pressure. The 
residue (51% yield) was recrystallized from dichloromethanel 
cyclohexane: yield, 33%; mp, 41-44 "C; MS (direct-probe tempera- 
ture, 20 "C): m/z 217 (M + H), 215 (M - H), 201 (M - CH,), 187 

(CH,S02CH,S0,), 109 (CH2S0,0CH, + H), 94 (CH,SO,), 80 (SO,), 
79 (CH,S02), 63 (CH,SO); IR (medium and strong bands): 2994 8, 
2931 s, 1397,1375vs,1314vs, l245,1186vs,1164vs, 1130,1124,936 
vs, 915, 870 s, 848, 780, 528, 502, and 460 cm-'; 'H NMR (300.64 
MHz, CDC1,): 6 1.03 (t, CH,CH,CH,), 1.84 (m, CH,CH,CH,), 3.24 (8, 
CH,SO,), 4.41 (t, CH,CH,CH,), 4.59 (8,  SCH,S); "C NMR (75.6 MHz, 
CDC1,): 69.84, 22.59, 42.13,68.01, 75.64. 

Anal.-Calcd for C,H,,O,S,: C, 27.77; H, 5.59. Found C, 27.93; H, 
5.87. 

2-[(P henylmethyl)oxy]ethanol~~-2-[(Phenylmethyl)oxylethanol 
was prepared by heating a mixture of ethyleneglycolflO0 g), sodium 
methoxide, and benzyl chloride (75 g) at 155 "C: yield, 54 g (66%); bp, 
82433°C at 0.1 mmHg; MS: mlz 152 (M), 107 (C,H,CH,O), 91 

Tests Against P388 Leukemia-These tests were performed as 

(CH,SO,CH,SO,OCH,), 175 (CH,SO,CH,SO, + 2H), 157 

(C,H&HJ. 

described previously.2.30 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
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