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I n c o n t i n u a t i o n of t h e s y n t h e s i s of t h e 1 ,4-b ismeth-
a n e s u l f o n a t e s of t h e s t e reo i somer ic b u t a n e t e t r a o l s a n d 
r e l a t e d c o m p o u n d s , 1 a n d for r e a s o n s a l r e a d y d i scussed 1 

we p r e p a r e d t h e fol lowing d e r i v a t i v e s of L- th re i to l 1,4-
b i s m e t h a n e s u l f o n a t e ( I ) w i t h t h e p u r p o s e of o b t a i n i n g 
s u b s t a n c e s for i n v e s t i g a t i o n as a n t i c a n c e r a g e n t s , a n d 
of g e t t i n g f u r t h e r i n f o r m a t i o n a b o u t t h e s t r u c t u r e -
a c t i v i t y r e l a t i o n s h i p of t h i s t y p e of a l k y l a t i n g a g e n t s : 
d i - 2 , 3 - 0 - c a r b e t h o x y - L - t h r e i t o l 1 , 4 -b i sme thanesu l fona t e 
( I I ) , t h e 2,3-cyclic c a r b o n a t e of I ( III ) [L-4,5-bis-
m e t h y l s u l f o n y l o x y m e t h y l - l , 3 - d i o x o l a n o n e - ( 2 ) ], a n d t h e 
2,3-cyclic sulfite of I ( IV) (L-4 ,5 -b i smethy l su l fony l -
o x y m e t h y ] - l , 3 , 2 - d i o x a t h i o l a n e 2-oxide) . T h e c o m -
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pounds were obtained by reaction of I with ethyl chloro-
formate, phosgene, and thionyl chloride, respectively. 

Screening by the Cancer Chemotherapy National 
Service Center, National Institutes of Health, has re­
vealed no significant difference in antineoplastic activity 
between these derivatives and that of I,2 as far as the 
Walker carcinosarcoma 256 system is concerned. More­
over, in the KB cell culture system the EDM determined 
for II is more than ten times as high as that of I, III, 
and IV. A summary of the test data is presented in 
Tables I and II. 

Experimental Section3 

Di-2,3-0-carbethoxy-L-threitol 1,4-Bismethanesulfonate (II).— 
To a solution of L-threitol 1,4-bismethanesulfonate (10 g) in 
pyridine (50 ml), ethyl chloroformate (8 ml) was added dropwise 
while stirring at 0 to 5°. The mixture was stirred for additional 
30 min, kept in a refrigerator for 40 hr, and then poured into 4 N 
HC1 (100 ml) while cooling. The separated oil was extracted 
with chloroform, the organic layer was washed several times with 
water, and after drying (VlgSd) the solvent was removed by 
evaporation in vacuo. The residue was triturated with diethyl 
ether, and the resulting crystalline material (12.7 g) was re-
crystallized from benzene-diethyl ether (decolorizing carbon) 
yielding I I (10.2 g) with mp 58-61°. The analytically pure 

(1) P. W. Feit, J. Med. Chem., 7, 14 (1964). 
(2) F. R. White, Cancer Chemotherapy Rept., 24, 95 (1962). 
(3) Analyses were by G. Cornali and W. Egger of these laboratories. 

Melting points were taken in open glass capillaries and rounded off to half 
degrees, using a Hershberg apparatus with thermometers subdivided in 0.1°. 
Technical assistance was by Th. Kolle. 

TABLE I 

SCREENING DATA IN THE WALKER CARCINOSARCOMA 256 

(SUBCUTANEOUS)SYSTEM 

Mean 
tumor 
weight 

Daily test/ 
dose, control, EDgc.c 

Compd mg/kga Survivors %b mg/kg/day 

II 200 6/6 0 
100 6/6 6 120 
50 6/6 95 

III 

IV 

25 
200 
100 
50 
25 
200 
100 
50 
25 

6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 

10 

0 
47 
70 
92 
0 
17 
48 
105 

130 

130 

"• Administered ip once daily, days 1 through 5 postinocula-
tion. b Sacrificed and evaluated 10 days postinoculation. c The 
dose that inhibits growth to 10% of control growth. 

TABLE II 

SCREENING DATA IN THE KB CELL CULTURE SYSTEM 

EDsc," 
Compd Mg/nil Sloped 

T 5.0 - 0 . 4 3 
11 - 0 . 5 6 
3.6 - 0 . 2 8 

II >100 
I I I 7.2 - 0 . 5 4 
IV 9.8 - 0 . 5 5 

" The dose that inhibits growth to 50% of control growth. 
6 Change of response for each 1 log change of dose. c Tested at 
different days. 

compound was reached by filtration of a solution of crude II in 
benzene through aluminum oxide (anionotropic, activity grade 
I), evaporating the filtrate in vacuo, and triturating the residue 
with a small amount of benzene, affording crystallization, fol­
lowed by recrystallization from chloroform-diethyl ether, mp 
62-64° (shrinking at 58°), [a]20D - 9 . 8 ° (c 2, acetone). 

Anal. Calcd for C12H220i2S2: C, 34.12; H, 5.25; S, 15.18. 
Found: C, 34.17; H, 5.31; S, 15.15. 

L-4,5-Bismethylsulfonyloxymethyl-l,3-dioxolanone-(2) (III).— 
To a solution of L-threitol 1,4-bismethanesulfonate (10 g) in 
pyridine (40 ml), a solution of phosgene (4.5 g) in diethyl ether 
(20 ml) was added dropwise while stirring at 0 to 5°. The reac­
tion mixture was kept in a refrigerator for 70 hr and then poured 
into a mixture of 4 .V HC1 (100 ml) and ice. The solid (10.5 g) 
which separated was filtered off and recrystallized from acetone-
diethyl ether (75 ml each) (decolorizing carbon), yielding crude 
I I I (7.9 g) with mp 123-125°. The analytically pure and 
colorless III was obtained by filtration of a warm solution of the 
crude material in acetone through aluminium oxide (anionotropic, 
activity grade I), and precipitation by adding diethyl ether to the 
filtrate, followed by recrystallization from a small amount of 
acetone, mp 126-127°, [«]%> -62 .6 ° (c 2, acetone). 

Anal. Calcd for C,H1209S2: S, 27.63; H, 3.98; S, 21.07. 
Found: C, 27.82; H, 4.19; S, 21.01. 

L-4,5-Bismethylsulfonyloxymethyl-l,3,2-dioxathiolane 2-Oxide 
(IV).—A suspension of L-threitol 1,4-bismethanesulfonate (10 g) 
in SOCl2 (25 ml) was refluxed for 45 min. After cooling, the 
obtained solution was evaporated to dryness in vacuo. The oily 
residue was treated with benzene (25 ml), and the evaporation 
was repeated. The crystalline residue was dissolved in ethyl 
acetate (200 ml); the solution was washed twice with water, 
dried (MgSCU), and evaporated in vacuo to yield IV (11.5 g) 
with mp 97.5-99°. The crude material was recrystallized from 
ethyl acetate (50 ml) and redissolved in warm ethyl acetate (75 
ml); the warm solution was diluted with diethyl ether (50 ml) 
and chilled after filtration over decolorizing carbon removing 
turbidity, mp 98.5-100°, [a]wD -105.5° (c 2, acetone). 
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Anal. Calcd for C6H l209S3: C, 22.22; 
Found: C, 22.30; H, 3.80; S, 29.70. 

H, 3.73; S, 29.65. 
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In developing structural designs for compounds 
which would prove effective as systemically admin­
istered insect repellents, we sought to combine within 
a single molecule (1) a component known to have 
affinity for dermal tissue with (2) a component possess­
ing certain insect-repellent (or prophylactic or thera­
peutic) properties. In the initial phase of our explora­
tory work, we have synthesized a series of compounds 
(I—III and VI-VIII) combining into one molecular 
entity a moiety (IV) known to be transported to and 
found in epidermal tissue in significant quantities2 

[or a component (IX) of the latter], with moieties 
ascertained to have mosquito-repellent properties 
(anisyl alcohol,3a N,N-diethyl->«-toluamide,3b and citro-
nelloP). 

0 OCH3 

H,CO 

I, li = p-CH2C8H4OCH3 
II, R = m-CH2C6H4CON-

(C2HS)2 
III , U = CH2CH2CH(CH3)-

CH2CH2CH=C(CH3>, 
IV, U = CH3 

V, H = H 

H3CO 

VI, It = p-CH2C6H4OCH3 
VII, R = m-CH2C6H4CON-

(C2H5)2 
VIII, R = CH2CH2CH(CH3)-

CH2CH2CH=C(CH3).. 
IX, R = CH3 

X, R = H 

Chemistry.—The subject compounds could be viewed, 
basically, as condensation products of 4-demethyl-
griseofulvin4 (V) and of the corresponding coumaran-3-
one (X) with anisyl alcohol, N,N-diethyI-m-toluamide, 
and citronellol. 

Compounds I, II, and III were actually obtained 
by treating V with anisyl bromide5 (XI), 3-(N,N-
diethylcarbamoyl)benzyl bromide (XII), and citro-

(1 ; Th is i nves t iga t ion was suppor t ed by Research C o n t r a c t No. DA-49-
193-MD-2636 from the U. S. A r m y Medical Research and D e v e l o p m e n t 
C o m m a n d , Wash ing ton , D. C. 

(2) F. J . R o t h , Jr . , a n d H. Blank , A.M.A. Arch. Dermatol., 8 1 , 662 (1960). 
(3) W. V. K ing (Compi le r ) , "Chemica l s E v a l u a t e d as Insect ic ides and 

Repe l len t s a t Or lando , F l a . , " Argicu l ture H a n d b o o k No . 69, E n t o m o l o g y 
Resea rch Branch , Agr icu l tura l Research Service, U. S. D e p a r t m e n t of Agri­
cul ture , Wash ing ton , D. C , 1954: (a) p 52: (b) p 327: (c) p 120. 

(4) V. Arkley, J. A t t e n b u r r o w . G. I. Gregory , and T, Walker , ./. Client, 
(inc.. 1260 (1962). 

(5) W. Q. Beard, J r . , and C. R. Hauser . ./. Org. Chem., 25 , 334 (1960). 

nellyl bromide6 (XIII) in acetone and/or dimethyl-
formamide, in the presence of potassium carbonate. 

7-Chloro-4-hydroxy-6-methoxycoumaran-3-one (X), 
a hitherto unreported moiety, was obtained by the 
selective demethylation of 7-ehloro-4,(>-dimethoxy-
roumaran-3-one (IX) using a modification of the pro­
cedure employed in the demethylation of griseofulvin 
by Arkley, et a/.4 

The structure of the hydroxycoumaranone (X) \va.~ 
established by chemical and spectral evidence. Oxida­
tive degradation of X in anticipation of obtaining the 
known7 3-chloro-2,6-dihydroxy-4-methoxybenzoic acid 
proved unsuccessful. Our inability to isolate a prod­
uct from this direct oxidation appears to be consistent 
with the observation of Molho"; according to his in­
terpretation, the corresponding salicylic acid deriva­
tive could not be obtained from a 4-hydroxy-substituled 
coumaranone because it is destroyed under the pre­
vailing reaction conditions. Since our attempts to 
oxidize 7-chloro-4,()-diniethoxyeoumaran-3-one (IX) met 
with success and yielded the expected 3-chloro-2-
hydroxy-4,()-dimethoxybenzoic acid9 (XIV), we were 
led to the following approach. Both the hydroxy­
coumaranone (X) and the known4 7-chloro-4-hydroxy-
li,2'-dimethoxy-G'-methylgris-2'-ene-3,4'-dione (V). 
upon conversion to the respective ethyl ether deriva­
tives (XV and XVI4) and subsequent oxidation with 
potassium permanganate, yielded the same acid, •>-
chloro-(i-ethoxy-2-hydroxy-4-met hoxybenzoic acid (X~ 
VII). as confirmed by the melting and mixture melting 
points of the acids as well as their superiniposable in­
frared spectra, and the elemental analyses of the acid 
and its anilide derivative (XVIII). Moreover, had 
thc"~hvdroxveoumaranone been the isomeric 7-cliloro-

C,H50 O 

H3CO H3CO' Y "O 

CI 

XV \ 

OH O OCH3 ?C*H, 
COOH 

H3CO' T ^O' f H 3 C C V Y "X)H 
CI CH3 CI 

V / XVII 

\ C2HsO p OCH3 f 

(3-hydroxy-4-methoxycoumaran-3-one, oxidative degra­
dation of its ethyl ether derivative would have afforded 
the known 3-chloro-4-ethoxy-2-hydroxy-6-methoxyben-
zoic acid,10mp 179-181° dec. 

(6) R. Lukes , A. Zobacova , and J. Plesek, Croat. Chem. Acta. 29, 201 
(1957): Chem. Abstr., 53 , 17898e (19,59). 

(7) J, F . Grove . P . W. Jeffs, and D. W. Rus t idge , ,/. Chem. So,-.. 1'.).-. li 
(1956). 

(8) D . Molho , Bull. Sac. Chim. France. 39 (1956): Chem. Al,sti.. 50, 
14726/ (1956). 

(9) J. F . Grove , D, I s m a y , J . M a c M i l l a n . T. 1>. ('. Mulho l land , and M. A. 
T. Rogers , J. Chem. Soc. 3958 (1952). 

(10) L. A. Dt incanson , J . F . Grove . J. MacMi l l an , and T. P. ('. Mulhol­
land, ibid.. 3555 (1957). 
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