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and used without purification. B-Bromo-l,2-epoxypentane ( lb)  
and 6-bromo-1,2-epoxyhexane (IC) were prepared in an identical 
manner. 
3-(~-Bromo-p-hydroxyalkyl)4-quinazolones (2)  and 4-bromo- 

2-hydroxy-1-phenoxybutane (3), listed in Table I, were prepared 
by adding an excess (approximately fivefold) of the appropriate 
w-bromo-1,2-epoxyalkane (1) to an alcoholic solution of sodio- 
4(3H)-quinazolone or sodium phenoxide. After stirring a t  room 
temperature for the specified time, the reaction mixtures were 
diluted with water and the the alcohol evaporated in vacuo. The 
resultant aqueous solutions were extracted with chloroform, and 
the extracts were washed with 10% aqueous sodium hydroxide, 
dried (MgSOI), and freed of solvent in vacuo. The residues were 
crystallized or distilled to obtain pure products. 

Epoxyalkyl derivatives, listed in Table IV, were prepared by 
adding 3 equiv of the appropriate w-bromo-1,2-epoxyalkane (1) 
to dimethylformamide or dimethyl sulfoxide solutions of sodio- 
4(3H)-quinazolone, sodium phenoxide, diethyl sodiomalonate or 
diethyl sodiomethylmalonate. After 3 hr a t  room temperature, 
the reaction mixtures were diluted with water and extracted with 
chloroform. The extracts were washed with water and dried 
(MgSO,); the solvent was removed in vacuo. The residueswere 
purified by crystallization or by distillation. 

Diethyl 3-Hydroxycyclopentane-l,l-dicarboxylate (9). A. 
From Diethyl Malonate and 4-Bromo-l,2-epoxybutane.-A 
solution of 5.40 g (0.034 mol) of freshly distilled diethyl malonate 
in 37.5 ml of 1 AV ethanolic sodium ethoxide was stirred for 15 
min in an ice bath, after which 28.7 g (0.19 mol) of l a  was added; 
the mixture immediately turned yellow and cloudy. After stir- 
ring a t  room temperature for 3 hr, the mixture was poured into 
water and the ethanol evaporated in vacuo. The aqueous solu- 
tion was extracted with chloroform, the extracts dried (MgSO,) 
and concentrated, and the residue distilled under reduced pres- 
sure. Two fractions containing product were collected: 1.0 g 
(13%), bp 86” (0.05 mm), containing 87% 9 and 13% 8a by glpc 
(5% XE-60 on 60-80 mesh Gas-Chrom Q ,  column 6 ft X 0.0125 
in., temperature 120’ isothermal); and 2.4 g (31%), bp 90-91’ 
(0.05 mm), containing 93% 9 and 7% Sa. The latter fraction 
was subjected to spectrometric analysis: ir (liquid film) 3450 
(OH) and 1725 cm-1 (COOCZH~); nmr (CDCla) 6 4.22 and 
4.20 (2q, 4, J == 7.2 Hz, OCHzCHa), ca. 4.3 (m, 1, CHOH), 
3.02 (s, 1, OH). multiplets over the range 1.7-2.7 (6, CHZ), 
and 1.25 ppm (t, 6, J = 7.2 Hz, (OCHzCH,); massspectrum 
(70 eV) m/e (re1 intensity) 230 (0.2), 212 (0.2), 202 (9), 185 (9), 
173 (loo), 167 (4), 160 (ti), 139 (28), 127 (56), 111 (38), 83 (39), 
67 (29). 

Anal. Calcd for CIIHISO~: C, 57.38; H, 7.88. Found: 
C, 57.10; H ,  7.88. 

B. From Diethyl 4,5-Epoxypentane-l,l-dicarboxylate.-A 
solution of Sa (2.3 g, 0.01 mol) was dissolved in 10 ml of 1 N 
ethanolic sodium ethoxide and the mixture was stirred a t  room 
temperature. Aliquots were removed at  intervals, quenched 
with glacial acetic acid, and analyzed by glpc. After 1 hr 25% 
8a was converted into 9, after 3 hr 55% was converted, and after 
15 hr 85% was converted. The reaction mixture was worked up 
as described in part A. Careful distillation of the product gave 
pure 9 with physical and spectrometric properties identical with 
those described above. 

Ethyl 1-Oxo-2-oxabicyclo [3.3.0] octane-8-carboxylate (lo).- 
A solution of 3.40 g (0.021 mol) of diethyl malonate in 25 ml of 
1 N ethanolic sodium ethoxide was allowed to react with 17.2 g 
(0.10 mol) of l b  and the reaction mixture was worked up in the 
manner described for preparation of 9. Distillation of the prod- 
uct gave 1.7 g (40%) of 10: bp 77’ (0.05 mm); ir (liquid film) 
1770 (5-membered lactone) and 1735 cm-l (COaCZH5); nmr 

= 9.4 and Jvio = 8.5 Hz) and 4.10 (9, 1, J,,, = 9.4and Jvio 

= 2.8 Hz) both assigned to the CHZO of the lactone, 3.09 (m, 1, 
bridgehead CH), 2.30 (m, 2, CHZC=CO&ZH~), 1.80 (m, 4, 
cyclopentane CHZ) and 6 1.27 ppm (t, 3, J = 7.2Hz, OCHzCHa); 
mass spectrum (70 ev)  m/e (re1 intensity) 154 (lo), 153 (12), 
126 (L5), 125 (24), 111 (S), 109 (23), 108 (13), 95 (l5), 81 (loo), 
80 (17), 79 (24), 67 (26) (no molecular ion). 

Anal. Calcd for C,oH1,0,: C, 60.59; H, 7.12. Found: 
C, 60.86; H, 7.18. 

(CDCla) 6 4.25 (9, 2, J 7.2 Hz, OCHzCHa), 4.59 (9, 1, J,,, 

Registry No.-la, 13287-42-8; lb,  21746-87-2; IC, 
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91-8; 5a, 21746-92-9; 5b, 21779-59-9; 6, 21746-93-0; 
8a, 21746-94-1; 8b, 21746-95-2; 8c, 21746-96-3; 8d, 
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A series of 18 new, water-soluble alkylating agents was synthesized. The structures contain an alkylsulfonate 
group as the alkylating function and a quaternary ammonium salt group attached to a hydrocarbon backbone. 

A large body of literature exists on the blocking or in- 
hibition of the enzyme acetylchlolinesterase by various 
phosphorus poisons.2 Thus, alkyl methylphosphono- 
fluoridates become at,tached to the enzyme site, pre- 
sumably by phosphonylation of an 0-serine component 
of the enzyme p r ~ t e i n . ~  The result is that the normal 

(1) This work was performed under Edgewood Arsenal Contract D A  1% 
lO%AMC-Z62(A). 

enzyme function of hydrolyzing acetylcholine is pre- 
vented. Removal of the phosphonate inhibition has 
been successfully accomplished by various oxime “reac- 
tivators” such as 2-pyridinealdoxime methiodide (2- 
PAM). Reactivation may be complicated, however, 
by a phenomenon known as “aging” whereby the alkyl 
group of the phosphonate inhibitor is cleaved, presum- 
ably generating an oxygen anion.4 The net result is 

(2) ”Handbuch dcr Experimentallen Pharmakologie,” Vol. XV. G .  B. 
Koelle, Subeditor, “Cholinesterases and Anticholinesterase Agents,” 1963, 
and/or R.  D. O’Brien, ”Toxic Phosphorua Esters,” Academic Press, New 
York, N .  Y., 1960. 

(3) N .  K.  Schaffer, 9. C. May, Jr., and W. H.  Summerson, J .  B i d .  Chem., 

(4) F. Berends, C. H.  Postbumus, I. V. D. Sluys, and F. A.  Deserkauf, 
404, 67 (1953). 

Biochim. Biophys. Acta, 84, 576 (1959). 
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that oximes such as 2-PAM are not effective. To 
clarify more fully the character of the aged, inhibited 
enzyme, realkylation of the phosphonate anion would 
be of great interest, and our attention was directed to 
the design of alkylating agents capable of functioning 
in biological media. 

Phosphonate salts are known to be poor nucleophiles 
in alkylation reactions, presumably because the anions 
are weakly basic (conjugate acids have pK, values ap- 
proximately 2) .5 Accordingly, a highly reactive alkyl- 
ating agent was required and an ester of a stronger acid 
was a likely choice. This led to the design of a model 
series in which the active alkylation moiety is an alkyl- 
sulfonate group with the incorporation in the structure 
of a quaternary nitrogen to provide potential binding to 
the enzyme site and water solubility in neutral media. 
In view of this, the synthesis of a series of structures 
such as 

was initiated, where n is 2-6 and X- is an inert anion 
such as perchlorate. Acquisition of a successful proce- 
dure led to modified struct~ures wherein the alkylene 
chain was branched, the trimethylammonium group 
was replaced by triethylammonium and pyridinium 
groups, methyl was replaced by an ethyl alkylating 
group, and a second alkylating group and/or a second 
quaternary ammonium moiety were introduced. In  
addition, the alkylsulfonate group was successfully in- 
troduced on the pyridine ring, ie., 3-(methylsu1fonate)- 
1-methylpyridinium perchlorate. This first paper re- 
ports the results of the synthetic program. Kinetic 
data on the alkylation of phosphonate anions and other 
biologically important anions in aqueous media are re- 
ported in the following papere6 

(CH3)aN+(CHz),SOaCHs .X- 

Results and Discussion 

Work was initiated with unsuccessful attempts to 
prepare the propane analog, a methyl 3-(trimethylam- 
monium)propane sulfonate salt, using conventional pro- 
cedures. Treatment of methyl 3-iodopropane sulfonate 
with trimethylamine in ether solution resulted in alkyl- 
ation of the amine, forming the tetramethylammonium 
salt of 3-iodopropane sulfonic acid. The same reac- 
tants in acetonitrile gave tetramethylammonium iodide 
and the inner saltr, 3-(trimethy1ammonium)propane 
sulfobetaine. The evidence indicated that the desired 
alkylating agent was formed in acetonitrile, but was 
rapidly attacked by the excess amine to from the quater- 
nary iodide and the stable inner salt. Alternatively, 
methyl iodide which would be converted to the quater- 
nary iodide could be formed by internal alkylation. 

Inasmuch as 3-(trimethy1ammonium)propane sul- 
fobetaine was rapidly prepared from the commercially 
available 3-hydroxypropanesulfonic acid sultone by 
ring opening with trimethylamine, attempts were made 
to convert the sulfobetaine to the sulfonyl chloride with 
phosphorus pentachloride and chlorosulfonic acid, or 
with thionyl chloride and catalytic quantities of di- 
methylformamide.' Formation of crude sulfonyl chlo- 
ride was demonstrated in each instance by isolation of a 

( 5 )  A. G. Ogston, E. R. Holiday, J. St. L. Philpot, and L. A. Stooken, 

( 0 )  A. B. Ash, P. Blumbergs, C. L. Stevens, H. 0. Michel, B. E. Haakley. 

(7) H. H. Bosshard, et al., H e h .  Chim. Acta, 43, 1653 (1959). 

Trans.  Faraday Soc., 44,45 (1948). 

Jr., and J. Epstein, J .  Org.  Chem., 84, 4070 (1969). 

sulfonamide, but treatment with methoxide ion gave 
mixtures in which only the inner salt could be isolated. 

In  the third and successful approach, the n-propane 
sulfobetaine was treated with dimethyl sulfate a t  reflux 
(185-190") for 3 hr to yield a crude methyl sulfate salt. 
The latter was then converted to the stable perchlorate 
salt by passage in methanol over a Dowex-1 (hydroxide) 
ion-exchange column a t  -70" and neutralization of the 
effluent with perchloric acid. 

185' 
(CH3)aN +(CH2j3S03- + (CHaO)zSO, --j 

1. Dowex-1 (OH-)/-70° 

2. HCIOg 
(CH8)aN +(CHz)aSOsCHa * CHaOSOa - t 

(CHa)N +(CH2)aSO&Ha.C104- 

The method proved general and was applied to all 
alkylating agents reported herein. In a number of 
cases, the column technique could be replaced by uti- 
lizing a solution of barium perchlorate in acetone (or 
methanol) to convert the crude methane sulfonate salts 
to the perchlorate salts. 

The most active agent' was 3-(methylsu1fonate)-1- 
methylpyridinium perchlorate. This was successfully 
prepared from both 3-pyridinesulfonic acid and 3-pyr- 
idinium-1-methyl sulfobetaine. Under comparable 
conditions, the yield from the sulfonic acid was 6-16%, 
whereas the sulfobetaine gave only a 4% yield. The 
reaction with 3-pyridinesulfonic acid was optimized to 
give a 20% yield. 3-(Ethylsulfonate)-l-ethylpyridin- 
ium perchlorate was prepared in 30% yield using di- 
ethyl sulfate. However, all attempts to prepare 2- and 
4-(methylsulfonate)-l-methylpyridinium perchlorate 
failed. Interestingly, it was discovered that both the 
2- and 4-pyridinium sulfobetaines were converted to the 
2- and 4-methoxy-1-methylpyridinium perchlorate by 
passage in 70% methanol-water (v/v) over the 
Dowex-1 (hydroxide) column and neutralization of the 
effluent with perchloric acid. 

1. OH-CH,OH -70' 9 
2 HClO, Qso3- OCH, 

CH3 kH3 C10,- 

The precursor sulfobetaines are stable, high-melting 
(230-367') , neutral, and water-soluble inner salts, in- 
soluble in organic solvents. They were prepared by 
(a) treatment of w-haloalkylsulfonic acids or their salts 
with tertiary amines; (b) treatment of o-tertiary amine 
alkyl halides with sodium sulfite; or (c) ring opening of 
the corresponding cyclic sultones with tertiary amines. 
The alkylating agents are soluble in polar solvents such 
as water, acetone, and acetonitrile and slightly soluble 
in methanol. All new compounds were characterized 
by elemental analysis, infrared spectra, and, in selected 
cases, nmr spectra. The alkylating agents are listed in 
Table I with melting point and yield data. 

Experimental Section 
Compound 3-18 were prepared from the precursor sulfobetaine, 

generally via the cyclic sultone. The general procedure pre- 
sented below is representative of the series with additional details 
added under the specific compound, as required. 
3-(Methyls~1lfonate)-l-methylpyridinium perchlorate (1) and 

3-(ethylsulfonate)-l-ethylpyridinium perchlorate (2) were pre- 
pared directly from 3-pyridinesulfonic acid and dialkyl sulfate. 
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TABLE I 
ALKYLATING AGENTS 

Yield, 
Compd Structure (perchlorate salt) MP,'C %" 

1 CHa+pyr-3-SOaCHa 113.5-115 20' 
2 CZHa+pyr-3-S03CtHs 94.5-96.5 3 0 b  
3 (CH3)aN +(CHz)zSOaCHa 145-146.5 45 
4 (CHa)aN +(CHz)aSOaCHa 116-118 80 
5 (C2Ha)aN +(CHz)aSOsCHa 86-88 53 
6 CsHsN +ICHP)JSO~CH~ 118-120 70 
7 ( C H ~ ) ~ N + ( C H Z ) ~ S O ~ C Z H ~  95.5-96.5 65 
8 (CHa)aN+CH(CHa)CHzC(CHa)zSOaCHa 117-119 60 
9 CsHsN +CH(CH3)CHzC(CHa)rSOaCHa 93-94 75 

10 (CHa)aN +(CHz)80aCHa 91-93 74 
11 (C2Hs)aN +(CHz)4SOaCHa 74-77 80 
12 CjHsN +(CHz)rSOaCHa 86-S7 65 
13 (CH3)aN +CH (CzHi) (CHz)3SOaCHs 115-119 63 
14 CjHjN +CH(CzH;)(CHz)aSOaCHs 81-83 77 
15 (CHa)aN+(CHz)e,SOaCHa 74-76 78 
16 (CHa)aN +(CH,)rN +(CHa)z(CHz)sSOaCHs 181-182 70 
17 [CH~O~S~CHZ)~N+(CH~)Z(CHZ)Z-I~ 153-155 32 
18 CH~O~S(CII~)~N+(CH~)Z(CH~)~SO~CH~ 105-106.5 28' 
Q From precursor sulfobetaine and dialkyl sulfate unless other- 

From 3-pyridinesulfonic acid and dialkyl sul- 
c From the precursor sulfonic acid and dimethyl sulfate. 

wise indicated. 
fate. 

All melting points are uncorrected. 3-Hydroxypropanesul- 
fonic acid sultone and 3-hydroxy-1,1,3-trimethylpropanesulfonic 
acid sultone were obtained from the Shell Chemical Corp. 

General Procedure. Methyl 3-(Trimethylammonium Per- 
ch1orate)propane Sulfonate (4).-3-Hydroxy-l-propanesulfonic 
acid sultone (61 g) was added to trimethylamine (30 g) in benzene 
with stirring. The heat of reaction maintained the temperature 
at 35-40'. The mixture was warmed to  50-60' for 1 hr and 
allowed to stand overnight a t  room temperature. The mixture 
wm filtered and the wet solid was stirred and heated with ethanol 
(300 ml). The cooled mixture was filtered to isolate crude 3- 
(trimethy1ammonium)propane sulfobetaine, 84 g (92%), mp 344- 
346" dec with darkening a t  330'. An additional 7 g of product 
was recovered from the mother liquor. The product was re- 
crystallized from methanol to give mp 347-349' dec; the melting 
point varies with t$e rate of heating. 

Anal. Calcd for C6HlaN03S: C, 39.76; €I, 8.34; S, 17.69. 
Found: C,39.55; H,8.45; S, 17.49. 

The sulfobetaine (1.8 g) was refluxed in dimethyl sulfate (10 
ml) for 2 hr, cooled, and leached with dry ether. The residue 
was dissolved in cold methanol and passed over a methanolic 
Dowex-1-X2 (hydroxide form) ion-exchange resin column cooled 
at  -170'. The eluate was immediately neutralized with 70% 
perchloric acid. The crystalline precipitate was filtered, washed 
with cold methanol, and recrystallized from acetone-ether (or 
acetone-methanol-ether) to yield 2.38 g (80%) of compound 4, 
mp 116-118'. The nmr spectrum was compatible with the as- 
signed structure. 

-4nal. Calcd for C7H&lNO,S: C, 28.43; H, 6.13; N, 4.74; 
S, 10.84. Found: C, 28.48; H,6.15; N,4.56; S, 10.59. 

Methyl 3-(triethylammonium perch1orate)propane Sulfonate 
(5).-Triethylamine and 3-hydroxy-1-propanesulfonic acid sul- 
fone in benzene solution at room temperature gave 33% crude 
product. Two recrystallizations from ethanol-acetone-ether 
gave an analytical sample, mp 290-293" dec, of 3-(triethylam- 
monium)propane sulfobetaine. 

Anal. Calcd for CsHzlN03S: C, 48.40; H,  9.48; S, 14.36. 
Found: C,48.25: H,9.73; S, 14.24. 

The sulfobetaine was treated with dimethyl sulfate, according 
to the standard procedure, to give compound 5 (53%), mp 86- 
88", after recrystallization from acetone-methanol-ether. 

Anal. Calcd for CloH~rClN07S: C ,  35.55; H ,  7.16; C1, 
10.50; N,  4.15; S, 9.49. Found: C, 35.75; H,  7.10; C1, 
10.55; N, 4.22; S, 9.48. 

Methyl 3-(Pyridinium perch1orate)propane Sulfonate (6) . -  
Pyridine and the propane sultone in acetone solutioh at room 
temperature gave 3-(pyridinium)propane sulfobetaine (75%), 
mp 273-275' dec, from methanol-ether. 

Anal. Calcd for CSHIINO~S: C, 47.74; H, 5.51; N, 6.96; 
S, 15.93. Found: C,47.60; H,5.50; N,7.01; S, 16.14. 

The sulfobetaine waa treated with dimethyl sulfate by the 
standard procedure to give crude title compound, mp 117-119'. 
Recrystallization from acetone-ether gave an analytical sample, 
mp 118-120'. 

Anal. Calcd for CgH&1NO7S: C, 34.23; H, 4.47; N, 4.43; 
S, 10.15. 

Ethyl 3-(Trimethylammonium perch1orate)propane Sulfonate 
(7).-The yield of product from the precursor, 3-(trimethylam- 
monium)propane sulfobetaine, waa 65%, mp 94-96'. An 
analytical sample from acetone-ether had mp 95.5-96.5'. 

Anal. Calcd for CsH&1N07S: C, 31.02; H,  6.50; N, 4.52; 
S, 10.35. Found: (2'31.33; H,6.48; N,4.53; S, 10.37. 

Methyl 3-(Trimethylammonium perchlorate)-1,1,3-trimethyl- 
propane Sulfonate (8) .-3-Hydroxy-l , 1,3-trimethylpropananeul- 
fonic acid sultone was placed in a sealed tube with trimethyl- 
amine for 4 days to yield crude 3-(trimethylammcnium)-l,1,3- 
trimethylpropane sulfobetaine (33%), mp 256-258' dec. Re- 
crystallization from methanol-ether gave an analytical sample, 
mp 260' dec. 

Anal. Calcd for CsH21N03S: C, 48.39; H,  9.48; N, 6.28; 
S, 14.35. Found: C,48.25; H, 9.45; N, 6.45; S, 14.38. 

The sulfobetaine was heated with excess dimethyl sulfate for 6 
hr a t  115-125' to give the title compound (60%), mp 117-118'. 
Recrystallization from acetoneether gave an andvtical samde, 

Found: C, 34.37; H, 4.36; N, 4.39; S, 9.95. 

- * .  
mp 1-17-1190. 

S, 9.49. Found: C.35.46; H,  7.40: N.3.87; S, 9.65. 
Anal. Calcd for C~OHZ~CINO~S: C ,  35.55; H, 7.16; N, 4.14; 

Methyl J-(Pyridinium perchlorate)-l,l,3-trimethylpropane Sul- 
fonate (9).-3-Hydroxy-1,1,3-trimethylpropanesulfonic acid sul- 
tone was heated in excess pyridine a t  90' for 3 hr to yield crude 
3-(pyridinium)-l,l,3-trimethylpropane sulfobetaine (say0), mp 
251-253' dec. Recrystallization from methanol-ether gave an 
analytical sample, mp 254-255' dec. 

Anal. Calcd for CI1H17NOsS: C, 54.29; H, 7.04; N, 5.76; 
S, 13.18. Found: C,54.17; H,7.09; N,5.79; S, 13.42. 

The sulfobetaine was converted to the methyl ester by the 
standard procedure in 75y0 yield, mp 90-92', from acetone-ether. 

Anal. Calcd for C12HzoClNO7S: C, 40.28; H,  5.63; N, 
3.91; S,8.99. Found: C,40.48; H,5.84; N,3.96; S,9.02. 

Methyl 4-(Trimethylammonium perch1orate)butane Sulfonate 
(lo).-Butane sultone was prepared from tetrahydrofuran via 4- 
chlorobutyl acetate and 4-hydroxybutylsulfonic acid by the 
method of Helberger.8 The sultone was treated with a 50% ex- 
cess of trimethylamine in benzene (gentle reflux). The system 
was sealed and refluxed for 3 days. Work-up gave 3-(trimethyl- 
ammonium)butane sulfobetaine (75%), mp 354' dec (lit.9 mp 
300'), from water-ethanol-ether. 

Anal. Calcd for C ~ H I ~ N O ~ S :  C, 43.05; II, 8.78; S, 16.42. 
Found: 

The sulfobetaine was converted to the titIe compound (74%), 
mp 90-92'. Recrystallization from acetone-methanol-ether 
gave mp 91-93'. 

Anal. Calcd for C~H~OCINO~S:  C, 31.02; H, 6.51; N, 4.52; 
S, 10.35. 

Methyl 4-(Triethylammonium perch1orate)butane Sulfonate 
(Il).-Butane sultone (I mol) and triethylamine (3 mol) were 
stirred for 4 days and allowed to stand for 7 days at room tem- 
perature. Excess amine was decanted. The solid was washed 
with ether, dissolved in methanol, and passed over a Dowex-l-X2 
(hydroxide) column. 4-(Triethy1ammonium)butane sulfobetaine 
(52y0), mp 296-298' dec, was isolated from the eluate. Re- 
crystallization from ethanol-ether-acetone gave mp 298-299' 
(We mp 279'). 

Anal. Calcd for CtoH~aN03S: C, 50.60; H, 9.77; S, 13.51. 
Found: 

The sulfobetaine was converted to the title compound (80%) 
by the standard procedure; it had mp 74-77' after recrystalliza- 
tion from warm methanol containing a trace of acetone. 

Anal. Calcd for CllH26CIN07S: C, 37.55; H, 7.45; CI, 
10.08; S, 9.11. Found: C, 37.81; H, 7.46; C1, 10.26; S, 
8.95. 

Methyl 4-(Pyridinium perch1orate)butane Sulfonate (12).- 
Butane sultone was heated in pyridine for 3 hr (steam bath). 
Work-up gave a 52y0 yield of crude 4-(pyridinium)butane sulfo- 
betaine, mp 229-231' dec. Recrystallization from methanol- 
ether gave mp 231' dec (foaming). 

C, 42.58; H ,  9.06; S, 16.12. 

Found: C, 31.16; H, 6.53; N, 4.29; S, 10.38. 

C, 50.30; H, 9.84; S, 13.84. 

(8) J. H. Helberger and H. Lantermann, Ann. .  666, 160 (1054). 
(9) B. Helferich. ibid., 641, 37 (1961). 
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Anal. Calcd for CsHiaNOaS: C, 50.17; H, 6.08; N, 6.51; 
S, 14.89. Found: 

The sulfobetaine was converted to the t,itle compound (65%), 
mp 84-86'. Recrystallization from acetoneether gave an 
analytical sample, mp 86-87'. 

Anal. Calcd for Cl&&1N07S: C, 36.41; H ,  4.88; N, 
4.24; S, 9.72. Found: C,36.66; H, 5.02; N,4.22; 5,930. 

Methyl 4-Ethyl-4-(trimethylammonium perch1orate)butane 
Sulfonate (13).-6-Hydroxyhexanesulfonic acid, prepared from 
1-acetoxy-6-chlorohexane by treatment with aqueous sodium 
sulfite, was cyclized at  155' a t  1-mm pressure to yield 4-ethyl- 
butane sultone, bp 102-105" (1.0 mm), according to the method 
of Helferich.10 The overall yield from 1-acetoxy-6-chlorohexane 
was 327,. 4-Ethylbutane sultone was heated with trimetliyl- 
amine in a sealed tube at 110' for 12 hr. The hygroscopic prod- 
uct), 4-ethyl-4-~,trimethylammonium)butane sulfobetaine (1573, 
after recrystallizat,ion from ethanol-ether, had mp 238-240'. 
The sulfobetaine was converted to the title compound (63%). 
After recrystallization from acetone-ether, the product had mp 

-4nal. Calcd for CLoH2rClN0,S: C, 35.54; H, 7.16; N, 
4.17; S, 9.46. Found: C, 35.56; H,6.99; N,4.42; S,9.16. 

Methyl 4-Ethyl-4-(pyridinium perch1orate)butane Sulfonate 
(14).-4-Ethylbutane sultone, prepared as above, was refluxed 
in excess pyridine for 2 days to give 4-ethy1-4-(pyridinium)butane 
sulfobetaine (72yo), mp 253-255", after recrystallization from 
methanol-ether. The sulfobetaine was converted to the title 
compound (777,), mp 81-83', after recrystallization from ace- 
tone-ether. 

Anal. Calcd for G2H20ClNO7S: C, 40.28; H, 5.63; N, 
3.91. Found: C,40.43; H,5.71; N,4.04. ' j  

Methyl 6-(Trimethylammonium perch1Gate)hexane Sulfonate 
(15).-Hexamc:thylene chlorohydrin (50 g) and t,rimethylamine 
(35 g) were dksolved in benzene and allowed to stand for 60 hr. 
Filtration yielded crude 6-hydroxyhexyl trimethylammonium 
chloride (13 g, 0.068 mol) and starting material (41 9). The 
crude product (10 gj was dissolved in thionyl chloride (20 ml). 
After standing overnight, the solution was refluxed for 2 hr, 
thionyl chloride was removed, and methanol was added. The 
solution was concentrzrted, diluted with benzene-methanol, and 
decolorized. I<emoval of solvents gave a gum which turned t.0 
mushy crystals under benzene. The dried crystals titrated as 
30.5Yo ionic chloride os. the theoretical 33.1%, and were iised 
directly in the next step. The crude product was dissolved in 
water (60 ml) containing sodium sulfite (6.24 g)  and the solution 
was heated at 100" for 8 hr. The solution was concentrated, 
diluted with ethanol, and concentrated. The solid residue was 
extracted with ethanol (80 ml), decolorized, and diluted with 
acetone. Aftor the residue cooled, 5.5 g of solid, mp 354-356' 
dec, was obtained. The niot,her liquor yielded additional prod- 
uct ( I  .7 g). The combined solids were dissolved in methanol and 
passed over Dowex- 1-X2 (hydroxide) and Dowex-50 (acid) 
columns. Crytallization from ethanol-acetone gave 4.3 g 
(387,) of 6-(ti'imethylammonium)hexane sulfobet,aine, mp 367' 
dec, based on chlorohydrin reacted. The sulfobetaine (2.23 g) 
was refluxed with dimethyl sulfate (10 ml) and worked up in the 
usual manner. The prodwt isolated from the Dowex-1-X2 (hy- 
droxide) coluinn effluent was recrystallized from acet,one-meth- 
anol-ether to give the title compound (2.65 g, 78%), mp 74-76'. 

Anal. Calcd for C:,oII&lNO7S: C, 35.55; H, 7.16; S, 9.49. 
Found: 

3- (M ethylsulfonate 11- 1 -meth ylpyridinium Perchlorate ( 1 ) . A. 
Dowex Method.-3-Pyridineerilfonic acid (200 mg) was heated 
with dimethyl sulfate ((2 ml) for 3 hr (oil bath) a t  180'. The mix- 
ture was triturated with ether. The residual gummy solid, 
poorly soluble in methanol, was dissolved in a minimum volume 
of ice-water and the colution was diluted to ea. 70% (v/v) with 
methanol. The solution was passed over a Dowex-l-X2 (hy- 
droxide) ion-exchange column a t  -70" and the eluate was im- 
mediately neutralized with perchloric acid. The eluate was con- 
centrated cold to a small volume and diluted with ether. The 
precipitated solid was collected and triturated with acetone. 
Acetone was removed from the extract and the solid was recrystal- 
lized from acetone-et,her to yield the title compound (60 mg, 
16yc), mp 114-115' with previous softening. Recryst,allisation 
gave an analybical sample, mp 113.5-115'. 

-4nal. Calcd for C,HlaClNO,S: C, 29.22; H, 3.50; N, 4.87; 

C, 50.21; H, 6.13; N, 6.51; S, 15.09. 

115-118'. 

C,3;1.41; H, 7 . 2 5 ;  S, 9.44. 

S, 11.15. Foa~id: C!, 29.13; H,3.52; N,5.31; S, 10.99. 

(10) E. Helferich and 1'. Boellert, Chem. Ber.. 94, 505 (1961). 

The nmr spectrum was compatible wit.h the assigned structure. 
The acetone-insoluble portion was recrystallized to yield 1- 
methyl-3-pyridinium sulfobetaine (100 mg, 46%)) mp 351353'. 
The sulfobet,aine was prepared also directly by treating 3- 
pyridinesulfonic acid with a tenfold weight excess of dimethyl 
sulfate a t  160-170' for 20 hr. The solid product which separated 
was recrystallized twice from water-methanol to yield 85% 
product, mp 355-358' dec. 

Anal. Calcd for C&NOaS: C, 41.61; H, 4.07; N, 8.09. 
Found: C,41.77; H,4.33; N, 8.19. 

Treatment of 1-methyl-3-pyridinium sulfobetaine with di- 
methyl sulfate in the same manner as with 3-pyridinesulfonic 
acid gave only a 47, yield of compound 1. 

B. Barium Perchlorate Method.-Extensive st,udies led to 
the following optimum procedure. 3-Pyridinesulfonic acid (1 g) 
was heated for 6 hr wit,h dimethyl sulfate (10 ml) a t  180°, or 
slightly below reflux. Excess dimet,hyl sulfate was removed by 
extraction with anhydrous ether. The syrupy residue was dis- 
solved in 25 ml of acetonelg of sulfonic acid. A filtered solu- 
t,ion of bariuni perchlorate in acetone, about 65 g/l. (prepared 
separately), was then added to the extent of 0.35 mol/mol of 
sulfonic acid to the acetone solution of reaction product. A little 
decolorizing carbon was added and the mixture was filtered (Filter 
Aid). Anhydrous ether was slowly added to the filtrate with 
swirling to a slight turbidity. When precipitation was complete, 
the mixture was cooled to 5' with further additions of et,her as 
necessary. About t,wo volumes of ether per volume of acetone 
are required. The crude ester was filtered and wmhed with dry 
ether to give product with mp 111-113". The product was re- 
crystallized once to give mp 114-115"; recovery was about goyo. 
The overall yield of recrystallized product was about, 20% based 
on 3-pyridinesulfonic acid. 
3-(Ethylsulfonate)-l-ethylpyridinium Perchlorate (2) .-3-Pyri- 

dinesulfonic acid (5  g) and diethyl sulfate (100 ml) were heated 
rapidly to reflux (200-210") under a nitrogen atmosphere. The 
mixture was held at  reflux for not more than 10 min and cooled. 
The reaction mixture was leached with ether and the residue was 
dissolved in methanol. The methanolic solution was passed over 
a Dowex-1-X2 (hydroxide) ion-exchaiige resin column at - 70". 
The eluate was passed directly into 100 ml of ether containing 2 
ml of perchloric acid also cooled to -70'. More ether was added 
until precipitation was complete. The product was filtered, 
washed with ether, and recrystallized from acetone-ether t,o yield 
2.8 g (30%) of the ethyl ester 2, mp 94.5-96.5". 

Anal. Calcd for CoII1,CINO~S: C, 34.29; H, 4.44; N, 4.44; 
S, 10.16. Found: C,34.38; H,4.60; N,4.42; S, 10.18. 

Methyl 2-(Trimethylammonium perch1orate)ethane Sulfonate 
(3).-Sodium 2-bromoethane sulfonatell was dissolved in excess 
25% aqueous trimethylamine and allowed t o  stand for 10 days. 
The solution was concentrated to near dryness, diluted with ab- 
solute ethanol, and filtered. The solid was triturated with hy- 
drochloric acid and filtered and the filtrate was concentrated to a 
thick syrup. hletjhanol and 2-propanol were added and t,he re- 
sulting solid was collected. The solid was dissolved in water and 
passed through a column of Dowex-50-X2 in water. The solu- 
tion was again concent,rated to near dryness. Absolute ethanol 
was added and t,he resulting solid was collected. The product 
was recrystallized from ethanol-water to yield trimethyl taurine 
(66%), mp 344-346". 

Trimethyl taurine was also prepared in 8970 yield from ethylene 
bromide by tohe method of Barnhurst.12 Trimethyl taurine (0.84 
g) was refluxed with dimethyl sulfate (5 ml) for 1 hr. After the 
mixture was leached with ether, the slightly gummy solid was 
dissolved in methanol, decolorized, and passed over t,wo Dowex- 
1-X2 (perch1orat.e form) resin columns (1.3 X 40 cm). The solu- 
tion was concentrated in the cold. The resulting solid was 
filtered and crystallized twice from acetone-ether to yield com- 
pound 3, 0.32 g (23%), mp 146-147". In an improved proce- 
dure, the solid from the dimethyl sulfate reaction was washed with 
a small volume of ice-cold methanol, dissolved in met.hano1, and 
treated with a methanol solution of anhydrous barium perchlorate 
a t  room temperature. The reaction mixture was cooled to 0' 
and filtered, and the solid crude product was washed with cold 
methanol. After recrystallization from acetone-ether, the prod- 
uct had mp 145-146.5'. The overall yield by this procedure is 
40-500/,. 

(11) C. S. Marvel and M. S. Sparberg, "Organic Synthesea," Call. Vol. 
11, John Wiley & Sons, Ino., New York, N. Y., 1943, p 558. 
(12) J. D. Barnhurst, J .  Org. Chem., 26, 4520 (1961). 



Vol. 34, No. 12, December 1969 ALKYLATING AGENTS 4069 

Anal. Calcd for CsHleCINO~S: C, 25.58; H, 5.73; c1, 
12.58; N, 4.97; S, 11.38. Found: C, 25.84; H, 5.76; C1, 
12.54; N, 4.96; S, 11.20. 

Attempted Preparation of 2- and 4-( Methy1sulfonate)-I- 
methylpyridinium Perchlorates.-2-Bromopyridine was con- 
verted to 2-mercaptopyridine in 85% yield, yellow needles, mp 
120-124' (crude), following the method of Thirtle.la The mer- 
captan was then oxidized with nitric acid to 2-pyridinesulfonic 
acid (67%), mp 246-247.5', by the method of Evans and Brown,14 
who report mp 251-252". 

To prepare 4-pyridinesulfonic acid, pyridine was treated with 
thionyl chloride (initial cooling required) for 5 days and worked 
up according to the method of Bowden and Green.I5 In  our 
hands, the yield was 16% crude material, mp 100-150". The 
crude material was converted to 4-pyridinesulfonic acid by treat- 
ment with sodium sulfite according to the method of Evans and 
Brown4 and gave, after purification by ion exchange, ea. 30% 
4-pyridinesulfonic acid, mp 325328' dec (lit." mp 317318'). 

As discussed in the text, the reaction of both 2- and 4-pyridine- 
sulfonic acid with dimethyl sulfate and work-up in the usual man- 
ner [Dowex-1 (hydroxide) column technique] gave a sulfur-free 
product corresponding to the 1-methyl-2- (and 4-) methoxypyri- 
dinium perchlorates. Further study indicated that the dimethyl 
sulfate reaction forms the corresponding 2- and 4-pyridine sulfo- 
betaines (no methyl esters were isolated), which are readily dis- 
placed by methoxide on the Dowex-1 (hydroxide) column even 
at ca. -70". 

In  a typical experiment, purified 2-pyridinesulfonic acid (1.0 g) 
was treated with dimethyl sulfate (10 ml) a t  140' for 3 hr. After 
the mixture was leached with ether, the residue was dissolved in 
70% methanol-water (v/v) and passed over a Dowex-1-X2 (hy- 
droxide) column a t  -70". The eluate was immediately neu- 
tralized with perchloric acid, diluted three times with ether, and 
cooled in Dry Ice-acetone to yield crude product (980 mg, 60%). 
Recrystallization from acetone-ether gave 850 mg of 2-methoxy- 
1-methylpyridinium perchlorate, mp 114-116'. 

Anal. Calcd for C~HloClNO5: C, 37.60; H, 4.51; N, 6.26. 
Found: C,37.93; H,4.56; N, 6.26. 

To gain more information, 1-methyl-2-pyridinium sulfo- 
betaine was prepared by treating 2-pyridinesulfonic acid with 
dimethyl sulfate a t  140' for 3 hr. The reaction mass was worked 
up as for 1-methyl-3-pyridinium sulfobetaine (see above) and 
gave 58% product, mp 268' dec. 

Anal. Calcd for CBHTNOaS: C, 41.61; H, 4.07; N, 8.09; 
S, 18.51. Found: '2,4134; H,4.17; N,7.90; S, 18.16. 

The sulfobetaine (110 mg) was dissolved in 70% methanol- 
water (v/v) and passed over a Dowex-1-X2 (hydroxide) ion- 
exchange column a t  -70". The eluate was neutralized at once 
with perchloric acid. There was isolated 2-methoxy-1-methyl- 
pyridinium perchlorate (105 mg, 74%), mp 113-115'. A mix- 
ture melting point with the original analytical sample was un- 
depressed and the infrared spectra were identical. The per- 
chlorate salt was converted to crude bisulfate salt by ion ex- 
change: mp 115-130'; bisulfate absorption in the infrared spec- 
trum at  8.6, 9.86, and 11.65 p. An attempt to prepare the 
chloride salt gave an oil. 

Similar results were observed in the reaction of 4-pyridinesul- 
fonic acid with excess dimethyl sulfate a t  145"for 4 hr. Work-up 
in the usual manner and passage over a Dowex-1-X2 (hydroxide) 
column gave a yellow solid, 4-methoxy-1-methylpyridinium 
perchlorate (100 mg), mp 68-72'. Recrystallization from ace- 
tone-ether with decolorization gave an analytical sample, mp 
72-74', as near-white crystals. The infrared spectrum showed 
absorptions a t  8.3 and 8.35 p. 

Anal. Calcd for C?H&lNOs: C, 37.60; H, 4.51; N, 6.26. 
Found: 

The product was unchanged on a second passage over the 
Dowex-1-X2 (hydroxide) column. 

Preparation of Methyl 4-Aza-4,4-dimethyl-8-(trimethylam- 
monium perch1orate)octyl Sulfonate Perchlorate (16).-Butylene 
diamine (9.8 g)  was refluxed with aqueous formaldehyde (44 ml) 
and 90% formic acid (80 ml) for 35 hr. An equal volume of water 
containing concentrated hydrochloric acid (24 ml) was added and 
the mixture was evaporated to dryness. The solids were dis- 
solved in minimum water which was made alkaline with 25% 
aqueous sodium hydroxide. The reaction mixture was extracted 

C, 38.05; H,  4.60; N, 6.31. 

(13) J. R.  Thirtle, J .  Amer. Chsm. Soe., 88, 342 (1946). 
(14) R .  C Evans and H. C. Brown, J .  Ow. Chem., 31, 1327 (1962). 
(15) K. Bowden and P. N. Green, J .  Chem. SOC., 1795 (1954). 

with ether. The extract was dried (potassium hydroxide) and 
the ether was removed. The resulting oil was distilled to yield a 
first-fraction (12.0 g), bp 155-163', 95% pure by vpc, and a 
second fraction (2.9 g), bp 163-165', 100% pure by vpc. The 
over-all yield was 90% of N,N,N',N'-tetramethylbutylenedi- 
amine. Picrates of both fractions were prepared in 95% yield, 
mp 201-202' (lit.l6 mp 198-199'). 

Methyl iodide (1.98 g, 14.4 mmol) in benzene (30 ml) was added 
dropwise to a stirred solution oi the diamine (2.0 g, 14.4 mmol) 
in benzene (30 ml). The solution was stirred for 10 min and 
filtered. The precipitate was washed with benzene and dried to 
yield crude product (3.4 g), mp 141-143'. The latter was dis- 
solved in ethanol and the presumed 1,4-diquaternary isomer (0.23 
g) was removed by filtration. The filtrate was concentrated and 
the addition of ethyl acetate gave 4-(trimethylammonium iodide)- 
1-dimethylaminobutane (2.86 g, 70%), mp 146-147'. 

Anal. Calcd for CsHzaIN2: C, 37.77; H, 8.10; I, 44.34; 
N,9.79. Found: C,37.73; H, 8.21; I,44.48; N, 9.55. 

4-(Trimethylammonium iodide)-1-dimethylaminobutane (2.0 
g, 7.0 mmol) and propane sultone (0.85 g, 7.0 mmol) in benzene 
(50 mi) were refluxed for 4 hr. The mixture was filtered and the 
solid was recrystallized from methanol-acetone to give 1.65 g 
(60%) of 4-aza-4,4-dimethyl-8-(trimethylammonium iodide)oc- 
tane sulfobetaine, mp 280-282'. 

Anat. Calcd for ClzHJN20aS: C, 35.23; H, 7.16; I, 
31.08; N, 6.86; S, 7.85. Found: C, 35.34; H,  7.22; I, 
31.29; N, 7.08; S, 7.91. 

The sulfobetaine (1.12 g) was heated for 4 hr with dimethyl 
sulfate (5 ml). The mixture w&s triturated with ether and dis- 
solved in methanol, and the solution was passed over Dowex-1 
(hydroxide) a t  -70" into a cold solution of perchloric acid in 
methanol. The product was recrystallized from methanol- 
acetone-ether to give 1.0 g (707,) of the title compound 8,  mp 

Anal. Calcd for CiaHs2C12NzOi1S: C, 31.52; H, 6.51; C1, 
14.31; N, 5.66; S, 6.47. Found: C, 31.81; H,  6.61; C1, 
14.20; N, 5.51; S, 6.42. 

Preparation of Methyl 3,3 '-Bis-( 1,4-tetramethylammonium 
butane)propane Sulfonate Diperchlorate (17).-N,N,N',N'- 
Tetramethylbutylenediamine (4.3 g, 0.030 mol) and propane 
sultone (7.4 g, 0.0605 mmol) were dissolved in benzene (60 ml) 
and the solution was refluxed overnight. The mixture was 
filtered and the precipitate was washed with benzene and dried. 
Crude 3,3'-bis(l,4-tetramethylammonium butane)propane sulfo- 
betaine (11.0 g, 950/0), mp 301-303' dec, was obtained. An 
analytical sample, mp 313-315" dec, was prepared by recrystal- 
lization twice from methanol-acetone. 

A n d .  Calcd for Ct4Ha2NpOsSz: C, 43.27; H ,  8.30. Found: 
C, 43.24; H, 8.05. 

The disulfobetaine (3.9 g, 0.01 mol) was heated with dimethyl 
sulfate (25 ml) a t  125-130" for 8 hr. Some material did not dis- 
solve. After trituration with ether, the solid was dissolved in 
methanol and filtered to remove unreacted sulfobetaine and/or 
monoester. The methanol solution was passed over Dowex-1 
(hydroxide) into methanol containing perchloric acid. The 
solid was filtered, washed with ether, and dried to give 2.5 g 
(40%) of crude compound 9. A portion of the crude product was 
recrystallized twice from acetonitrile-ether to give mp 153- 
155". 

Anal. Calcd for CIEH&~ZNZOI~SZ: C, 31.11; H,  6.20; N, 
4.54. Found: C,31.60; H,6.40; N,4.69. 

Preparation of Methyl 3,3 '-Bis( dimethylammonium Per- 
ch1orate)propane Sulfonate (18).-Propane sultone (14.5 g, 0.12 
mol) was let react with dimethylamine (6.0 g, 10% excess) in 
benzene solution. The solution was stirred a t  room temperature 
overnight and then refluxed for 1 hr. The precipitated betaine 
was filtered and washed with benzene to give, after one recrystal- 
lization from ethanol-acetone, 11.5 g (33YG) of 3-dimethylam- 
monium-N-(3'-sulfonopropyl)propane sulfobetaine, mp 215", with 
previous softening at 204', which (2.88 g, 0.1 mol) was heated 
with dimethyl sulfate (20ml) a t  115-120' for 16 hr. The reaction 
mixture was triturated with ether. The residual solid was dis- 
solved in minimum methanol and passed through Dowex-1 (hy- 
droxide) a t  -70'. The eluate was collected in methanol con- 
taining perchloric acid (2 ml). The product was filtered, washed 
with ether, and dried to give compound 10 (1.7 g, 40%), mp 97- 
99.5' after one recrystallization from acetonitrile-ether. 

181-182'. 

(16) H. T. Clarke, H. B. Gillespie, and 8. Z. Weissbaus, J .  Amer. Chem. 
Soc., 66,4571 (1933). 
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The product waa purified further by trituration three times 
with boiling acetone. The acetone-soluble portion was filtered 
through Celite and ether wm added to the filtrate. Compound 
10 separated on slow cooling; mp 105-106.5', 72% recovery. 

Anal. Calcd for C~OHJI~NOIOS: C, 28.75; H, 5.79; N, 
3.35. Found: C, 29.01; H,5.95; N,3.45. 

Registry No.-1, 21876-83-5; 2, 21864-92-6; 3, 
21864-93-7; 4, 21864-94-8; 5, 21864-95-9; 6, 21864- 
96-0; 7,21864-97-1 ; 8,21864-98-2; 9,21864-99-3; 10, 
21865-00-9; 11, 21865-01-0; 12, 21865-02-1; 13, 
21865-03-2; 14, 121865443; 15, 21865-05-4; 16, 
21865-06-5; 17, 21865-15-6; 18, 21865-16-7; 3-(tri- 
methy1ammonium)propane sulfobetaine, 21865-17-8; 
3-(triethylammonium)propane sulfobetaine, 1887-93- 
0 ; 3-(pyridinium) propane sulfobetaine, 1547 1-17-7 ; 
3-(trimethylammonium)-1,1 ,3-trimethylpropane sulfo- 

betaine, 21865-20-3; 3-(pyridinium)-l, l,&trimethyl- 
propane sulfobetaine, 21865-21-4; 4-(triethylammo- 
nium)butane sulfobetaine, 21876-42-6; 4-(pyridinium)- 
butane sulfobetaine, 2 1876-43-7 ; 4-ethyl-4- (trimethyl- 
ammonium) bu tane sulfobe t aine, 2 1876-44-8 ; 4-et hyl- 
C(pyridinium) butane sulfobetaine, 2 1876-45-9; 6- (tri- 
methylammonium) hexane sulfobetaine, 21876-46-0; 1- 
methyl-3-pyridinium sulfobetaine, 21876-47-1; tri- 
methyl taurine, 7465-57-8; 2-methoxy-1-methylpyri- 
dinium perchlorate, 21876-49-3 ; 1-methyl-2-pyridinium 
sulfobetaine, 4329-93-5; 4-methoxy-1-methylpyridin- 
ium perchlorate, 21876-51-7; N,N,N',N'-tetramethyl- 
butylenediamine, 111-51-3; 4-(trimethylammonium- 
iodide)-1-dimethylaminobutane, 21876-53-9; 4-aza-4,4- 
dimethyl-8-trimethylammonium iodide octane sulfo- 
betaine, 21876-54-0; 3,3'-bis(l,4-tetramethylammo- 
niumbutane) propane sulfobetaine, 2 1876-55-1. 

Relative Nucleophilicity. Methylation of Anions in Aqueous Media' 
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Alkylation rate data were obtained for 16 anion nucleophiles in aqueous media at  25' (and 37') and constant 
salt concentration using l-methyl-3-(methylsulfonate)pyridinium perchlorate aa the alkylating agent substrate. 
The data a t  25' are presented in terms of log k2/kw and the Swain and Scott equation is employed to obtain the 
substrate constant, s (0.715). Nucleophilic constants, n, are calculated and compared with published values for 
12 anions, and new constants were determined for four phosphonate ion species. 

The synthesis of a series of water-soluble alkylating 
agents has been described.2 A pyridine analog, 1- 
methyl-%(methylsulfonate)pyridinium perchlorate,2 
representing the most reactive agent of the series, was 
used as substrate, in the work reported herein, to mea- 
sure nucleophilic constants by the Swain and Scott3 
method. 

This alkylating agent, in common with other mem- 
bers of the series,2 solvolyzes in water to form meth- 
anol, hydronium ion, perchlorate ion, and a stable, un- 
reactive, water-soluble sulfobetaine. The alkylation 
of an anion results in the formation of the methylated 
anion, perchlorate ion, and the sulfobetaine. The 
equation for these (simultaneous) reactions is as follows, 
where k, is the solvolysis rate constant and kit is the 
second-order anion alkylation rate constant. 

so,- 
HzO CH30H + H+ + C10,- + fl 

y: 

~ 

(1) This work WBO performed under Edgewood Arsenal Contraot DA 

(2) P. Blumbergs, A. B. Ash, F. A. Daniher. C .  L. Stevena, H. 0. Miahel. 

(3) C. G .  Swain and C. B. Scott, J .  Am@. Chem. Soc., 76, 141 (1953). 

lS-lWAMC-282(A). 

B. E. Hackley, Jr., and J. Epatein, J .  Org. Chsm., a4, 4065 (1969). 

The ratio of kz/k,  and k, is determined conveniently in 
separate experiments in a pH Stat. Hydronium ion is 
not generated in the anion alkylation reaction, whereas 
it is a product of the competing hydrolysis reaction. Ac- 
cordingly, the reduction in the quantity of hydronium 
ion liberated at  time t ,  relative to solvolysis in the ab- 
sence of anions, is a measure of the extent of alkylation 
at  time t .  Mathematical treatment leads to the fol- 
lowing general expression. 

In  this equation, [So] is initial concentration of anion 
and [S,] is the concentration a t  time t, usually taken at  
infinity. The term [H+l] is the molar hydronium ion 
formed by hydrolysis at  time t; it  is equal to the initial 
molar concentration of agent multiplied by the mole 
fraction of agent hydrolyzed. 

The alkylation of 16 anion nucleophiles was studied 
kinetically in water at  25" (and 37") and pH 7.0 with 
certain exceptions. The system was adjusted to 0.1 M 
in total salt; this is the sum of the agent and anion con- 
centrations with sodium perchlorate added if required. 
The ratio of k,/k,  is salt concentration dependent, de- 
creasing with increasing salt concentration. For three 
sluggish nucleophiles, data were taken more conven- 
iently at  0.5 M salt and extrapolated to 0.1 M salt. 

The observed ratios k z / k ,  are multiplied by 55.4, the 
molar concentration of water, to give kz/k,. A con- 
ventional Swain and Scott8 treatment is based on the 
equation log k / k ,  = sn, where ?z is the anion nucleo- 


