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FOREWORD

The work described in this report was authorized under Task 1AC12501B02802, Life
Sciences Basic Research in Support of Materiel, Chemicai.

This report (two articles) is reprinted from the Journal of Organic Chemistry 34,
4065-4072 (1969). Copyright 1969 by the American Chemical Society and reprinted by
permission of the copyright owner. Letter of permission to use this copyright material is on
file in the Office of Counsel, Edgewood Arsenal, Edgewood, Maryland 21010. Reproduction
of the copyrighted material in whole or in part is prohibited except with permissicn of the
copyright owner; however, Defense Documentation Center and the Clearinghouse for Federal
Scientific and Technical Information are authorized to reproduce the document.
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| Reprinted from the Jousnal of Organic Chemistry, 34, 4065 (1969). |
Copynight 1969 by the American Chemical Socicty and reprinted by permission of the copyright owner,

Alkylating Agents Containing a Quaternary Nitrogen Group'

P. BLuMBERGS, A. B. Asn, F. A. Daxiuer, C. L. STEVENS,
Az Stevens Ine., Detroit, Michigar. 42202

H. O. MichEs, B. E. Hackiey, Ji., axp J. EpsTEIN
Research Laboratories, Edgewood Arsenal, Edgewoed Arsenal, Maryland 21010
Recewed June 27, 1959

A series of 1N new, water-oluble alkylating agents was synthesized. The structures contain an alkylsulfonate
group as the alkylating fut.ction and a quaternary ammonium salt gronp attached *o a hydrocarber backbone.

A large body of literature exists on the blocking or in-
hibition of the enzyme acetylchlolinesterase by various
phosphorus poisons.?  Thus, alkyl methylphosphono-
fluoridates become attached to the enzyvme site, pre-
sumubiy by phosphonylation of an O-serine component.
of the enzyme protein.®  The result is that the normal

(1, T work was performed under Edeewood Arsenial Cosimact DA 18-
108-AMU-262¢0

(2) - Handhuch der Expe-imentalien Fharmakologie,” Vol XV, G. B.
Koelle, Bubeditor, “Choli and Antichnl Agents.” 1963,
andsor it. 1 O'lrien. “Toric Phosphorus Esters,” Acsdemic Press. Now

York, M. V.. 1960,

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

(3) N. K. Schafer, 8. C May.Jr..and W. H. Summeraon. J. Bicl, CAem,,
208, 67 (1053).

(4) F. Berends, C. H. Posth
Bucasm. Biephys. Acts, 34, 376 (1950)

1. V. D. Sluys. and F. A. Deserikaut,

"
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that oxiines such as 2-PAM are not effective. To
clorify more fully the churacter 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.

Phosphenate salts are known to be poor nurleophiles
in alkylation reactions, presumably because the auions
are weakly basic (conjugate acids have pK, values ap-
proximately 2. Accordingly, a highly reactive alkyl-
ating agent wee ‘equired and an ester of a stronger acid
was a li} 2! se. This led to the design of a model
series in which the active alkylation moiety is an ulkyl-
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 serics of structures
such as

{OHWN*(CH;3)SO0CH;- X -

was initiated, wher, 22 i2 2-6 and X - is an inert anion
such as perchlorate. Acquisition of a successful proce-
dure led to mcdified structures wherein the alkylene
chai. was branched, the trimethylammeoenium group
was repleced by triethylammonium and pyridinium
groups, methyl was replaced by an ethyl alkylating
group, and a second alkylating group and/or a second
quaternsry ammonium moiety were introduced. In
addition, the alkylsulfonate group was successiully in-
troduced on the pyridine ring, i.e., 3-(methylsuifonate)-
1-methylpyridinium perchlorate. Tais first paper re-
ports the results of the synthetic program. Kinetic
data on the alkylation of phosphonate anions and other
biologically importent anions in aqueous media are re-
ported in the following paper.$

Resulis and Discussion

Work was initia‘ed with unsuccessful attempts to
prepare the propane analog, a methyl 3-(trimethylam-
monium)propane sulfonate salt, using conventional pro-
cedures. Trestment 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 tetrumethylammonium iodide
and the inner salt, 3-(trimethylammonium)propane
sulfobetaine. Tke evidence indicated that the desired
alkvlating agent was formed in acetonitrile, but was
rapidly attacked by the excess amine to from the quater-
pary iodide and the stable inner salt. Alternatively,
methyl iodide which would be converted to the quater-
nary iodide cou'd be formed by internal alkylation.

Inasmuch as 3-(trimethylammonium)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 sulfuayl chioride with
phosphorus pentacaloride and chloresulfonic acid, or
with thionyl chloride and catalytic quantities of di-
raethyiformamide”’” Formetion of crude sulfonyl chlo-
ride was demonstrated in each instance hy isolation of a

{8) A. G. Ogston, E. R. Haliday, J. 8t. L. Philpot, sad L. A. Btockesn,
Trans. Farcday Sec., 88, 45 (1948},

(6) A. B. Avs, P. Rlumbtazgs, C. L. Stevers, H. O, Mickel, B. E, Hackley,
Je., and J. Epeteln, J. Org. CAem,, 84, 4C70 (1900).

(7) H.1H.Bosshard, e al., Helr. CAvm. Acie, 63, 1855 (1930).
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sulfonumide, but treatment with methoxide ion guve
mixtures in which only the inner suit couid be isolated.

In the third and successful approuch, the n-propane
sulfobetaine was treated with dimethyl sulfute at reflux
(185-190°) for 3 hr to yield a crude methyl sulfate sult.
The latter was then converted to the stable perchlorate
salt by passage in methanol over o Dowex-1 (hydroxide)
ion-exchange column at —70° and nautralization of the
effiuent with perchloric acid.

(CHWN*(CHshS0, + (CHIO)S0, —or

1. Dowex-1 (OH ‘)/-711
2. HCIO4 -
(CH)N *(CH1)S0:CH; -CIO,-

(CH.).N +(C“a)'SO;CHa . C“;OS();'

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-(inethylsulfonate)-1-
methylpyridinium perchlorate. This was successfully
prepared from both 3-pyridinesulfonic acid and 3-pyr-
idinium-1-methyl sulfchetaine. Under compuarable
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 209, yield. 3-(Ethylsulfonate)-1-ethylpyridin-
ium perchlorate was prepared in 309, yield using di~
ethyl sulfate. However, all attempts {o prepare 2- and
4-(methylsulfonate)-1-methylpyridinium  perchlorate
failed. Interestingly, it was discovered that both the
2- and 4-pyridinium saifebetaines were converted to the
2- and 4-methoxy-l-wethylpyridinium perchiorate by
passage in 709 methanol-water (v/v) over the
Dowex-1 (hydroxide) column and neutralization of the
efluent with perchlor 2 acid.

E}Q e,

i, CH, <o~

1 OH™CH,OH -70°
2 HCIO,

The precursor sulfobetaines are stable, high-melting
(230-367°), neutral, and water-soluble inter 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 w-tertiary amine
alkyl halides with sodium sulfite; or (c) ring opening of
the corresponding cyclic sultones with tertiary amines.
The alkylating agents are solubie in polar solveuts such
as water, acetone, and acetonitrile and slightly soluble
in methanol. All new compounds were characterized
by elemental analysis, infrared spectra, and, ir: seiected
cases, nmr spectra. The alkylating agents are listed iu
Table I with melting peint and yield da’s.

Experimentsl Section.

Compound 3-138 were prepared from the precursor suifobetaine,
generally via the cyelic suitone. The general procedure pre-
sented below is representative of the series with additional details
added under the specific compound, as required.

3-(Methylsulionate)-1-methylpyridinium perchlorate (1) and
3-(ethylsulfonate)-1-ethylpyridinium perchiorate (2) were pre-
pared directly from 3-pyriginesuifonic acid and diatky! sulfate.
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Yield,
Corpd Nructure perchiciate salt) Mp, *°C "
1 CHa oy r-3-80,C11, 113 5-115 20
2 Collg pyr-3-80,(51, G1 506 5 3¢
3 (CHOLNCH:80,CH, 145-116.5 45
4 UCHWN HCHSOCH, 6-11s 80
S AN CHL O RG-S a3
6 LN CHensO 1L, H%-126 70
7 UHa N 030,041 QO 5-46 5 65

& CHONCHCHOCH,CHUCHONOCH, H-EHY ot
t CHNCCHCHCHACCH):S0,CHy 93-91 T

10 CHAWN T (CHpS O i, 91-19 74
11 AN CHOOC - 7477 %0
12 7N CHnSO,CH, R6-7 65
13 (CHL AN CHCHCH RSOSCHE: 115-11 64
i4 CHNCH(C:HLYCH1):80,CH, 81-83 77
15 (CHanN <(CHOSOCHL 74-76 78
16 (ClLpN TCHN Y CHy(CHy S0 CH, 181-182 70
17 {CHOSCH N “(Cily o (CHe - s 133-135 32

18 CHOSCHL )N 1ICH p(CHOSO,CHY 105-106.5 2%¢

* From precarsor sulfobetaine and dialky! sulfate urless other-
wise indicated.  * From 3-pyridmesulfonic acid and dislky! sul-
fate. < From the precursor sulfonic acid and dimethy] sulfate.

All melting points are uncorrected. 3-Hydrexypropanesul-
fome acid <ultone and 3-hydroxy-1,1,3-trimethyiprepanesulfonic
acid sultone were obtained from the Shelt Chemieal Corp.

General Procedure. Methyl 3-(Trimethylammonium Per-
chlorate jpropane Sulfonste (4).—3-Hydroxy-1-propanesulfonic
acid sultone '61 g) wa~ added to trimethylamine (30 g in benzene
with surring  The heat of reactior maintained the temperature
at 35-40> The mixture was warmed to 50-60° for 1 hr and
allowed to stand overnight at roum temperature. The mixture
was filtered and the wet sclid was stirred and heated with ethanol
i300 ml'. The cooled mixiure was Sitered to inolate crude 3-
ftrimethylamnionium jpropane sulfobetane, 84 g ($25; ), mp 344~
346° dec with dsrkening at 330°.  Ar additional 7 g of proeduct
was recovered from the mother hiquor. The product was re-
crystalhized trom methanol to give mp 347-349° dec, the melting
pumnt varnes with the rate of Leating.

Anal. Caled for CGHuNOSS: C, 39.76; H, 8.34; S, 17.69.
Found: C.39.53; H,8.45; 3,17.49.

The sulfobetaine (1.8 g) was retluxed in dimethyl sulfate (10
ml) jor 2 hr, cooled, and leached with dry ether. The renidue
was dissolved it cold methenol and passed over a methanohe
Dowex-1-X? (hydroxide form) ion-exchange resin column cooled
at =70° The eluate was immediately neutralized with 70¢<;
perchlonic asid.  The crystalime precipitate was filtered, washed
with cold methanol, and recry<tallized from acetone-ether (or
acetone-mathanol-ether; to yteld 2.38 g (809 of compound 4,
mp 116-115%.  The nmr spectrum was compatible with the ss-
signed ~tructure

Anal. Caled for C:1WCINO:S:  C, 29.43; H,6.13; N, 4.74:
S k84, bPound: C,28.48: H,6.15: N, 4.56; S, 10.59,

Methy! 3-itriethylemmonium perchlorate)propane Sulfonate
(8).—~Tricthy lamine and 3-hydroxy-i-propanesulfonic acid sui-
tone i bensene soliition At Toom temperature gave 339, crude
product. ‘Iwo recryxtallizations from ethanol-acetone-ether
gave an analytical sumple, mp 296-263° dec, of 3-(triethylam-
monni'nipropane sulfobetaine.

Anaf. Caled for GHaNOSS: C, 48.40; H, 0.48; S, 14.36.
Found: C,4%.25; H,9.73; §, 14.24.

The auifobetaine was treated with dimethy! sulfate, according
to the standard procedure, to give compound $ (53%;), mp 86-
88°, atter recrystallization from acetone-methanol~ether.

Anci. Caled for CiHuWCINOSS: C, 35.85; H, 7.16; Cl,
10.50; N, 4.15; S, 9.49. Found: C, 35.75; H, 7.10; Cl,
10.55; N, $.22; 8,948,

Methyi 3-‘Pyridinium perchlorate)propane Sulfonate (6).—
Pyridine and the propane sultone in acetone solution at room
temperature gave G-(pyridinium)propane sulfobetaine (759;),
mp 273-275 dec, from methanol-ether.

Anal. Caled for GHuNGS: C, 47.74; H, 5.51; N, 6.96;
8,15.93. Found: C,47.60; H,5.50; N,7.01; 8, 16.14.

ALKYLATING AJENTS 4007

Tho sulfobetuine was treated with dimethyl sulfate by the
standard procedure to give crude title compound, mp 117-119°,
Kecrystaliization trom acetone-ether gave an analytical sample,
mp 118-120°,

Anal. Caicd for GHCINO,S: C,34.23; H,447; N,4.43;
8.10.15, Found: C,34.37; 11,4.36; N, 4.39; 3, 8.90.

Ethy! 3.(Trimethylammomum perchlorate)propane Sulfonete
(7).~The ywld of product from the precumsor, 3-(trimethylam.
momum)propane suliobetaipe, was 659, mp $4-96°. An
analytieal samplc from acetone-ether had mp 95.5-96.5°.

Anal. Caled for CHLCINOS:  C, 31.02; H, 6.50; N, 4.52,
$,10.35. Found: C,31.33; H,6.48; N, 4.53; S, 10.37.

Methyl 3-(Trimethylammonium perchlorate; 1 1,3-trimethyl-
propane Sulfonate (8) —3-Hydroay-1.1,3-trimet  ylpropanesul-
fonie aad sultone was placed n a sealed tube with trimethy!-
anune for 4 days 10 yield crude 3-(trimethylammenium)-1,1,3-
trimethylpropane sulfobetaine (33¢,,, mp 256-258° dec. ki
crystailization from methanoi-ether gave an onalytical sample,
mp 260° dec.

JAnal. Caled for CHANG,8: C, 48.39; H, 9.48; N, 6.28;
S, 14.35. Found: C,48.25; H,9.45; N, 6.435; S, 14.38.

The sulfobetaine wa» heated with excess dimethyl sulfate for 8
hr at 115-125° 10 give the utle compound (605, ), mp 117-118°.
Recrystallization from acetone-cther gave an analytical sampie,
mp 117-119°.

Anal. Calcd for C,eH4CINO;S: C, 35.55; H,7.16; N, 4.14;
S,9.49. Found: C,35.46; H,7.40; N, 3.87; S, 9.65.

Methyl 3-(Pyridinium perchlorate)-1,1,3-trimethylpropane Sul-
fonate (9).—3-Hydroxy-1,1,3-trimzthylpropanesulfonic acid sul-
tone was heated in excess pyridine at 90° for 3 hr to yield crude
3-(pyridiniuan}-1,1,3-trimethylpropane sulfobetane (629;), mp
251-253° dec. Necryztallization from iethenol-ether gave an
analytical sample, mp 254-255° dec.

Anal. Caled for CuHaNOSS: C, 54.29; H, 7.04; N, 5.76;
S, 13.18. Found: C,54.17; H,7.09; N,5.79; 8, 15.42.

The sulfobetaine was conver.»d to the methyl estzr by the
standard procedure in 759, yvield, mp 80-92°, from acetone-ether.

Anal. Caled for T:HACINO:S: C, 40.28; H, 5.63; N,
3.91; $,8.99. Found: C,40.48; H,5.84; N,3.96; S, 9.02.

Methyl 4-(Trimethylammonium perchlorate)butane Sulfonate
(10).~—Butsne sultone was prepered from tetishydrofuran vig 4-
chlorobuty! acetate and 4-hydroxybutvisulfonic acid by the
method of Helberger.® The sultone was treated with a 50€; ex-
cess of trimethylaminz in benzene (gentle reflux). The systen:
was sealed and refluced for 2 days. Work-up gave 3-(trimethyl-
ammonium)butane sulfobetaine (75¢;), mp 354° dec (lit.? mp
300°), from water-ethanol-ether.

Anal. Caled for GHNOSS: €, 43.05; 1, 878, &, 16.42.
Found: C, 42.58; §1,9.06; 5, 16.12.

The <ulfobeiaine was converted to the title compound (74€%),
mp 90-92°. Necrystallization from acetone-methanol-ether
gave mp 91-93°,

Anal. Caled for CHACINO-S:  C, 21.02; H, 6.51; N, 4.52;
S,10.35. Found: C,31.16; H,6.53; N, 4.29; 8, 10.35.

Methyl 4-/Triethylammonium perchiorate)butane Sulfonste
(11).—Bntane sultone (1 mol) and triethvlamine (3 mol) were
stirred for 4 Jdays and allowed 10 siand for 7 days at rcom tem-
perature.  Excess amine was decanted. The <olid was washed
with ether, dixzolved in methanol, and passed over a Downex-1-X2
(hydroxide) column. 4-{Tniethylammomum butane sulfobetaine
(529;), mp 296-298° dec, was nolated from the eluate. Re-
crystallization from ethanol-ether-acetone gave mp 208-209°
(1it.* mp 279°).

Anai. Caled for CiyHaNOSS: C, 50.00; H, 9.77; 8, 13.5:.
Found: C,50.30; I1,9.84: X, 13.8¢4.

The sulfobetaine was converted to the title rompound (805 )
by the standnrd procedure; it had mp 74-77° aiter recrystatliza-
tion from warm snethanol containing a trace of acetone.

Anal. Caled for ClHWCINO:S: C, 37.55; H, 7.45; Cl,
10.08; S, 9.11. Found: T, 37.80: H, 746: Cl, 10.26; §,
8.95.

Methyl 4-(Pyridinium perchlorate)butane Sulfcnste (12).—
Butane sistone was heated in pyndine for 3 hr (steam bath).
Weork-up gave a 52% yield of crude 4-ipy ndinisum )batane sulfo-
beataine, mp 229-231° dec. Recrvatalhization from methanol-
ether gave mp 231° dec (fonmung).

(8) J H. Hlberger and H. Lanteemann, Ann . 508, 160 (1954).
(9) 11, Hellerich, sded.. W4T, 37 (1961).
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Anal. Caled for GITuNO,S: C, 50.17; H, 6.08; N, 6.51;
8, 14.89. Found: C,50.21; H,6.13; N, 6.51; S, 15.09.

The sulfobetaine was converted to he title compound (85¢,),
mp 84-86°. Recrystallization from acetone-ether gave an
analytical sample, mp 86-87°,

Anal. Caled for CioHuCINOSS: C, 36.41; 11, 488; N.
4.24; 8,072, Found: C,36.66; H,5.02; N,4.22; 8,9.80,

Methyl 4-Ethyl-4-(trimathylemmonium perchlorate)butane
Sulfonate (13).—6-Hydroxyhexanesulfonic acid, prepared from
1-acetoxy-6-chlorohexane by treatment with squevns sodium
sulfite, was cyclized at 155° at 1-mm preesure to yield 4-ethyl-
butane sultone, bp 102-105° (i.0 mm.), arcording to the method
of Helferich.'* The overall yield from 1-acetoxy-6-chlorohexane
was 32C;. 4-Ethylbutane sultone was heated with trimethyl-
amine i » sealed tuhe st 110° for 12 hr.  The hygroscapic prod-
uct, $-ethyl-4-(trimiethylammonium outane aulfobeisine {15 ),
after recrystallization from ethanol-ether, had mp 233-240°.
The sulfubetaine was converted to the title compound (63¢.).
At:er recrystallization from acetone-ether, the product had mp
115-118°,

Anal. Caled fer CHuCINO:S: C, 35.54; H, 7.16;
3.17; ¥, 946. Found: C,35.56; II,6.99; N, 4.42; §,90.16.

Methyl 4-Ethyl-4-(pyfiu™azium perchlorate)butane Sulfonate
(14).—4-Ethylbutane sulto e, prepared as above, was reiluxed
in excess pyridine for 2 dny: .o give 4-ethyl-4-(pyridimum)butane
sulfobetame (72¢,), mp 233-255°, after recrystallization from
methanol-ether. The sulfobeiaine was converted io ihe title
compound (77€¢), mp 81-83°, after recrystallization from ace-
tone-ether.

Anal. Csaled jor CulinCINO:S: C, 40.28; H, 5.63; N,
391, Found: C,40.43: H,5.71; N, 4.04. .

Methyl o-(Trimethylammonium perchlorate)hexane Sulfonate
(18).—Hexamethy lene chlorohydrin (56 g) and trimethylamine
135 g} were dissolved 1n benzene and allowes. to stand for 80 hr.
Filtration yielded crude 6-hydroxyhexyl trimethylammonium
chloride (13 g, 0.068 mol) and starting material (41 g). The
crude product (10 g) was dissolved in thionyl chloride (20 ml).
After standing overnight, the <ct.ion was refluxed for 2 hr,
thionyl chloride was removid, and methanol was added. The
solutisn was concenirated, d.\uted with benzene-methanol, and
decolorized. Itemoval of salveats gave a gum which turned to
mushy crystals under ber:zene. The drieu cry:tals titrated as
30.5¢ ivnic chloride rs. the thcoretical 33.1; ard weie used
directly in the next step.  The crude product was diofved in
witer (60 ml) containing sediun sulfite (6.24 g) and the solution
was heated at 100° for 8 hr. The sulution was conceuntrated,
diluted with ethanol, and concentrated. The solid residue was
extracted with ethanol (80 ml), decolorized, and diluted with
acetone. After the rexsidue cooled, 5.5 g of soiid, mp 354-356°
dec, was obtained. The mcther liquor yielded additional prod-
uct (1.7g). The combined solids were dissolved i methanol and
passed over Dowex-1-X2 (hydroxide) and Dowex-50 (acid)
. columns. Crystallization from ethsaocl-acetone gave 4.3 g
{38) of G-(trimethy lammonium)hexane sulfobetame, mp 367°
dec, based on chlorohydrin reacted. The sulfobetaine (2.23 g)
was refluxed with dimethy! sulfate (10 m}) and worked up in the
usual manner. The product isolated from the Dowex-1-X2 (hy-
droxide) column effluent vas recrystallized from scetone-meth.
arol-ether to give the title compound (2.65 g, 789, ), mp 74-76°.

Anal. Caled for Coo oW CINOSS:  C, 35.55; H, 7.16; S, 9.49.
Found: C,33.41; H,7.25; S,9.44.

3-(Methylsulfonate)-i-methylpyridimium Perchlorate (1). A.
Dowex Method.—3-Pyridinesulfonic acid (200 mg) was heated
with dimethylsulfate (2 ml) for 3 hr (oil bath) at 180°. The mix-
ture was friturated with ether. The residual gummy solid,
poorly ~oluble in methanol, wes dixsolved in a minimum volume
of ice-water and the solut:on was diluted to ca. 709 (v/v) with
methanol. The solution was passed over a Dowex-1-X2 (hy-
droxide) ion-exchange column at --70° and the eluate was im-
mediately neutralized with perchlone acid. The eluate was con-
centrated cold to & small volume and diliuted with ether. The
precipitated volid was collected and triturated with acetone,
Acetone was removed from the extract and the solid was recrystal-
lized from acetone-ether to yield the title compound (60 mg,
169), mp 114-1153° with previous softening. Recrvstallization
gave an analytical sample, mp 113.5-118°.

Anai. Caled for C:HLWCINOSS: C, 20.22; H,3.50; N.4.87;
8, 11.15. Found: C,29.13; H,3.52; N, 5.31; 8, 10.99.

(10) B. Helferich and V. Jtoziiere, Chem, Ber., 84, 505 (106810,

The nmr spectrum was compatible with the assigned stneture.
The aceture-msoluble portion was r1ecrystullized to yield 1-
methyl-3-pyridiniam sulfobetime (100 mg, 46¢, ), mp 551 353°.
The sulfobetaine was prepared alvo directly by treating 3-
pyridinesuifonic acid with a tenfold weight excess of duncihyl
sulfate at 160-170° for 20 hr.  The solid product which ~epniated
was recrysiallized twice from water-methanol to yield 859,
product, mp 355-358° dec.

Anal. Calea for CH:NOS: C, 41.61; 13, 4.07, N, 8.09.
Found: C, 41.77, I, 4.33; N, 8.19.

Treatment of V-methyl-3-pyridinium :ulfobetaine with di-
methyl sulfate in the same manner as with 3-pyridinesulfome
acid gave only a 44, yield of compound 1.

B. Barium Perchlorate Method.— Extensive studies led to
the following optimum procedure.  3-Pyvdinesulfome acd (1 g)
was hested for 6 hr with dimethyl selfate (10 ml) at 180°, or
slightly below reflux. Excess dimethy] »u.ifute was 1emoved by
extraction with anhydrous ether.  The syrupy readue was dis-
»olved in 25 ml of acetone/g of sulfome acid. A ‘ilte.ed rolu-
tion of barium perchlorate in acetone, about €5 g/l. (eparea
separately), was then added to the extent of 0.35 mul mol of
sulfonir, acid to the acctone solution of 1eaction product. A htile
decolorizing catbon was added and the mintwie was f:hered (Filter
Aid). Anhydrous ether was slowly added 10 the filtraie wah
swirling to a slight turbidity.  When precipite tion: wa complete,
the nuaiure was cooled to 5° with further additions of ether as
necessary.  About two volumes of ethei per volume of acetene
sie required.  ‘The crude ester was filtered aid washed with dry
ether to give product with mp 111-113°.  The prodnet was re-
crystallized once to give mp 114-115°; recovery was about 904,
The overall yield of recryststhzed product was about 20° ¢ based
on 3-pyndineulfonic acid.

3.(Ethylsulionate}-1-ethylpyridinium Perchlorate (2).——3-Pyri-
dinesulfome acid (5 g) and diethy! sulfate (100 ml} were heuted
rapidly to reflux (200-210°) under a mtrogen atmosphere.  The
misitare was held at reflix for not more than 10 min and cooled.
The reaction mixture was 'eached with ether and the restdue was
disolved in methanel.  The methanolic solution was pa~ed over
a Dowex-1-X2 (hydroxide) jon-exchange resin column at —=70°,
The eluate was passed directly inta 100 ml of ether containing 2
ml of perchlorie neid also cooled to —70°.  More ether was added
antil precipitation was complete. ‘The product was filtered,
washed with ether, and recrystallized from acetone-ether to yield
2.8g(30%) of the ethyl exter 2, mp €4.5-96.5°.

Anal, Caled for GHCINOSS: C,34.29; H,4.44; N, 4.44;
S, 10.16. Found: C,74.38; H, 4.60; N, 4.42; S, 16.18.

Methy! 2-(Trimethylammonixm perchiorate jethane Sulfonate
(31.—8adium Z-bromoethane sulfonate! was dissolved in exeess
259 aqueous trimethylamine and allowed 16 <tand for 1U day~.
The rolution was concentrated to near dryness, diluted with ab-
solute ethanol, and filtered. The solié wa~ triturated w.th hy-
drochloric acid and filtered and the filtrate vas concentrated toa
thick syrup. Methano! and 2-propanol wece sdded and the re-
sulting solid was collected. The ~olid wa~ dissulved in water and
paseed through a colurn cf Dowex-3G-X2 in water. The solu-
tion was again concentrated to near drynexs~. Ab~olute ethanol
was added and the resulting solid was collected. The product
was recrystallized from ethanol-water to yield trimethyl taurine
(68%.), mp 344-346°.

Trimethyi tauirine was also prepared in 89, yield from ethylene
bromide by the method of Barnhurst.!'?  Trimethyl tanzme (0.84
g) was refluxed with dimethyl sulfate (5 mi) for 1 hr. After the
mixture was leached with ether, the «lightly gummy «olid was
dissnlved in methanol, decolorized, and passed over two Dowex-
1-X2 {perchlorate form) resin columns {1.3 X 40 em). The ~olu-
tion was concentrated in the cold. The remtlting <ohd was
filtered and crystallized twice from acetone-ether to yield com-
pound 3, 0.32 g {23%), mp 146-147°. in aa wmproved proce-
dure, the solid from the dimethyisalfate reaction was washed with
a small volume of ice-cold methanol, disvolved in metharol, and
treated with 8 methanol sulution of muhydrous harinm perchl .rate
at room temperature. The reaction mixtrire was cooled to 0°
and filtered, and the solid crude product was washed with cold
methanol. After recrystailization from are* one-cther, the prod-
uct had mp 145-i48.5°. The overall yield by this procedure is
40-50%.

(11) C, 8. Marvel and M. 8, Sparbern, “"Organic Syathsses,” Coll. Vol.
I1.Joha Wiley & 8ons, Inc., New York, N. Y., 1943, p 558,
12} 1. 1. Barnhurst, J. Org. CAem., 88, 1520 (1961).
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Anal. Caled for CHWCINOG,S: C, 25.58; H, 5.73; Cl,
12.58: N, 4.97: 8, 11.38. Fourd: C, 25.84; H, 5.7¢; Cl,
12.54; N, 4.96; 8,11.20.

Attempted Prepscation of 2- and 4-(Methylsulfonats)-1-
methylpyridinium Perchiorates.—2-Bromopyridine was con-
verted to 2-mercaptopyridine in 859, yieid, yellow neslles, mp
120-124° (crude), following the method of Thirtle* The mer-
captan was then oxidized with nitric acid to 2-pyridinesulfonic
acid (67 (), 1ap 246-247.5°, by the method of Evans and Brown, ¢
who report mp 251-252°.

To prepare 4-pyridinesulfonic acid, pyridine was treated with
thionyl chloride (initial cooling requic «d) for 5 days and werked
up according 10 the method of Bewden and Green.® In our
hands, the yield was 169 crude inatenial, mp 160~150°, The
crude material was converted to 2-pyridinesulfonic acid by treat-
ment with sodinm sulfite according ta the method of Evans and
Brown* and gave, after purification by ion exchange, ca. 309,
4-pyrdinesulfonic acid, mp 325-328° dec (lit.}s mp 317-318°).

As dizcussed m the test, the reaction of both 2- and 4-pyridine-
sulfonic acid with dinsethyl sulfate and work-up in the sirual man-
ner {Dawes-1 (hydronide) colum. technigue] gave & sulfur-free
produet correspouding to the 1-methyl-2- (and 4-) methoxypyri-
dmium perchlorates. Further study indicated that the dimethyl
sulfate reaction forms the corresponding 2- and 4-pyridine sulfo-
betaines (ho methyl esters were jsolaied), which are readily dis-
placed by methoxide on the Dowex-1 (hydroxide) column even
atca. —70°.

Ir a 1ypicul experiment, purified 2-pyridinesulfonic scid (1.0 g)
was {reated wath dimeth) suifate (10 ml) at 140° for 3hr.  After
the mivture was leached with ether, the residue was dissolved in
0% methapol-water (v/v) and passed over a Dowex-1-X2 (hy-
droxide} column at ~70°. The eluate was immediately neu-
tralized with pesshlavie iid, diluted three times with ether, and
cooled 1n Dry Tce-acetone to yield crude product (980 mg, 60%).
Recrystallization from acetone-ether gave 850 mg of 2-methoxy-
1-methyipyridinium perchlorate, mp 114-116°.

Anai. Caicd 10r CHCINO,: C. 37.60; H, 4.51; N, 6.26.
Found: C,37.93; H,4.56; N, 6.29.

To gan more information, 1-methyl-2-pyridinium sulfo-
betaine wa~ preparad by treating 2-pyridinesulfcnic acid with
dimethvlsulfate at 140° for 3 hr. Thereaction mass was worked
up as for 1-methyl-3-pyridinivm sulfcbetaine (see above) and
gave 58 product, mp 268°* dec.

Anal. Caled for CHINOS: C, 41.61; H, 4.07; N, 8.00;
§,18.51. Found: C,41.84; H,4.i7; N, 7.90; 8, 14.16.

The sulfobetaine (110 mg) was dissolved in 705, methanol-
water {v/v) and passed over a Dowex-1-X2 (hydroxide) ion-
exchange column at ~70°. The eluate was nzutralized at once
with perchloric acid. There wds 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 0 crude bisulfate salt by ion ex-
change: mp 115-130°; bisulfste absorption in the infrared spec-
trum at 8.6, 9.86, and 11.65 x. An attempt to prepare the
chloride zalt gave an oil.

Similar rexults were observed in the reaction of 4-pyridinesul-
fonic acid with excess dimethyl sulfate at 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 mgj, mp 88-72°. Recrystallization from ace-
tone-ether with decolorization gave an analytical sample, mp
72-74°, s> near-white crystals. The infrared spectrum showed
absorptions at 8.3 and 8.35 u.

Anal. Caled for CGHCINO,: C, 37.60; H, 4.51; N, 6.26.
Found: C,38.05; H, 4.60; N, 6.31.

The product was unchanged an a second passage ove: the
Dowex-1-X2 (hydraxide) coiumn.

Preparstion of Methyl 4-Aza-4,4-dimathyl-8-(trimiethylam-
moaium perchlorate)octyl Sulfunate Perchlorate (16).—Butylene
diamine (9.8 g) was refluxed with aqueous formaldehyde (44 ml)
and 909, formic acid (S0 ml)for 35 hr. An equal voluine of water
containing concentrated hydrochloric acid (24 m}) was added and
the mixture was evaporated to dryness. The solids ware dis-
sol”.ed in mmmimain water which was made alkaline with 2597,
agueous sodium hydroxide. The reaction mixture was extracted

113} 3. R, Thiztle, J. Amer. Chem, Soc.. 88, 342 (1046).
(1) R C. Evaneand H.C. Browa, J. Org, Chem., 8V, 1327 (1062).
(18) K. Bowden sad P. N. Grewn, J. Chem. Ser., 1795 (1984).
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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 i53-i63°, 55%, pure by Vvpe, and a
second fraction (2.9 g), bp 163-165°, 1009, pure by vpe. The
over-all yield was 809, of N,N,N’,N'-tetramethylbutylenedi-
amine. Picrates of both fractions were prepared in 959, yield,
mp 201-202° (lit.** mp 198-106°).

Methyliodide (1.98 g. 14.4 mmol) in benzene (30 mi) was added
dropwise to a stirred sclution of the diamine (2.0 g, 14.4 mwol)
in benzene (30 ml). The «oluticn was stirred for 13 min and
filtered. The precipitate was washed with benzene and dried to
yield crude product (3.4 g), mp 141-143°. The letter was dis-
solved in etharol and the presumed 1,4-diquaternary isomer (0.23
g) was removed by fltration.  The filtrate was concentrated and
the additicn of ethyl acetate gave 4-(trimethylammonjum iodide)-
1-dimethylaminobutane (2.86 g, 709, ), mp 146-147°.

anal. Caldd for CGH»xIN,: C, 37.77; i, 8.10; I, 44 24
N,9.79. Found: C,37.72; H,8.21; i,44.48; N, 0.55.

4-(Trimethylamwmonium iodide)-1-dimethylaminobutane (2.0
4&» 7.0 mmol) and propane suitone (0.85 z, 7.0 mmotl) in banzene
(590 ml) were refluxed fo- 4 hr. ‘The mixture was filtered and the
lid was recrystallizey from methanol-acetone to give 1.65 g
(60S¢) of 4-aza-4,4-dimethyl-8-(trimethylammonium iodide)oc-
tane sulfol.etaine, mp 280--282°,

Anal. Caled for CplinIN,O:S: C, 35.29; Y, 7.16; 1,
31.08; N, 6.86; 8, 7.85. Found: C, 35.34; H, 7.22; 1,
31.29; N, ".08; S,7.91.

The sulfobetaine (1.12 g) was heated for 4 hr with dimethyl
suifate (5 m)). The mixture was triturated with ether and dis-
solved in methanol, and the solution was passed over Dowex-1
(hydroxide) at —70* into a cold solution ¢ perchloric acid in
methanol. The product was recrystallized from methanol-
acetono-ether to give 1.0 g (709;) of the title compound 8, mp
131-182°.

Anal. Caled for C,)H,yCi1N,0,:S: C, 31.52; H, 6.51; Cl,
14.31; N, 5.66; S, 6.47. Found: C, ~1.81; H, 6.61; Cl,
14.20; N, 5.51; 8§, 6.42.

Preparation of Methy! 3,3'-Bis-(1,4-tetramethylarmmonium
butane)propane Sulfonste 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(1,4-tetramethylammonium butane)piopane sulfo-
betaine (11.0 g, 95%), mp 301-203° dec, was obtained. An
analytical sample, mp 313-315° dec, was prepared by recrystal-
lization twice from methanol-acetone.

Anal. Caled for CieHuN:0Sy: C, 43.27; H, 8.30. Found:
C,43.24; H,8.05.

The disulfobetaine (3.9 g, 0.01 mol) was heated with dimethy}
suifate (25 ml) at 125-130° for 8 hr. Some material did not dis-
solve. After trituration with ether, the solid was diesolved in
methasiol and filtered to reniove unreacted sulfcbetaine and/or
monoester. The methanc] solution was pased over Dowex-1
(hydroxide) into methanol containing perchloric scid. The
solid was filtered, weshed with ether, and dried to give 2.5 g
(409 ) of crude compound 9. A portion of the crude product was
rescsr.ysullized twice from acetonitrile-ether to give mp 153~
1585°.

Anal. Caled for CiyHuCLNO18:: C, 31.11; H, 6.20; N,
4.54. Found: C,31.60; H,8.40; N, 4.€9.

Prepanation of Methyl 3,3'-Bis(dimethylammonium Per-
chlorate)propane Suifonate (18).—Propane sultone (14.5 g, .12
mol) was let resct with dimethylamine (8.0 2, 105, excess) in
benzene solution.  The solution was stirred at 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-aceione, 11.5 g (335;) of 5-dimethylam-
monium-N-(3"sulfonopropyl )propane sulfcbetaine, mp 215%, with
previous softening at 204, which {2.88 g, 0.1 mol) was heated
withdimethylsulfate (20 m!) at 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-! (hy-
uroxide) at —~70°. The eluate was collected in methanol cone
taining perchloric acid (2 m!). The preduct was filtered, washed
with ether, and dried to give compound 10 (1.7 g, 40%;), mp 87--
£3.5° after one recrystallisation from acetonitrile-ether.

(18) H. T. Clarke, H. B. Glilespie, and 8. Z, Weissbaus, J. Amer. Chem,
Sec., A8, 4571 (1973),

Pl 220 .
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The product was purified further hy trituration three times
with hoiling acetone.  The acetone-soluble portion was filtered
tnrough Uelite and ether was added to the filtrute. Compour: !
10 separated on slow cooling; mp 105-106.6°, 729, recovery.

dnal. Caled for CHuCLNOWS: C, 28.75; H, 5.79; N
330, Found: C,20.01; H,5.95; N, 3.45.

Registry No.—1, 21878-83-i; 2, 21864-92-6; 3,
21804-93-7; 4, 21864-94-8; S, 21864-35-9; 6, 21864
86-0; ”, 21864-97-1; 8, 21804-98-2; 9, 21864-99-3; 1C,
21965-00-9. 11, 21865-01-0; 12, 21865-02-1; 13,
21865-03-2; 14, [21865-01—3; 18, 21885-05-4; 1o,
21865-06-5; 17, 21865-15-6; 18, 218G5-16-7; 3-(tri-
methylammonium)propane sulfobetaine, 21865-17-3;
3-(triethylammenium)propane sulfobetaine, 1887-93-
0; 3-(pyridinium)propane aulfobetaine, 15471-17-7;
3-(trimethylammonium)-1,1,3-trimethylpropane sulfo-

o bl T E

hetae, 21865-20-3; 3-(pyridinium)-1,1,3-trirethyl-
propane sulfobetaine, £1365-21-4; 4-{triethylammo-
nium)butave sulfobetaine, 21876-42%-6; 4-{pyridinium)-
butaue suliobetaine, 21876-43-7; -t-ethyl-4-(tritneihyl-
ammonium)hutane sulfobetaine, 21876-44-5; 4-ethyl-
4-(pyridinium)butane sulfobetaine, 21876-45-9; G-(tri-
methylammonium)hexane sulfobetaine, 21876-46-0; 1-
methyl-3-pyridinium sulfobetaine, 21876-47-1; tri-
methyl taurine, 7465-57-3; 2-metnoxy-l-methylpyri-
din:um perchlorate, 21876-49-3, 1-methyl-2-pyridinium
sulfobetaine, 432¢-93-5; 4-raethoxy-1-methylpyridin-
ium perchlorate, 21876-51-7; N,N,N’.N’-tetramethyi-
butylened amine, 111:51-3; 4-{triinethviammonium-
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)propaue suifobet: i .1, 21878-55-1.
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Relative Nucleophilicity. Methylation of Anions in Aqueous Media'
A. B. Asy, P. Brumsengs, C. L. STEVENS,
Ash Strvens Inc., Detroit, Mickigan 43202
H. O. MicuEeL, B. E. HacxLEy, JR,, AND J. E¥STRIN

Research Laboratorics, Edgewood Arsenal, Edgercooc Arsenal, Maryland 21010
Received June 27, 1969

Alkylation rate data were obtained for 16 anion nucleophiles in aqueous media at 25° (and 37°) and constant
salt concentration using 1-methyl-3-(methylsulfonate)pyridinium perchlorate as tlie alkviating agent substrate,
The data at 25° ave presented in terms of log ks/ke stid the Swain and Scot: equation is employed te obtain the
substrate constant, # (0.715). Nucleophilic constants, =, are calculsted and compared with published valueas for
12 snions, and new constants were determined for four phosphonata ion spacies.

The synthesis of a series of water-soluble a'kylating
agents has been described.? A pyridine analog, 1-
methyl-3-(methylsulfonate)pyridinium  perchiorate,?
representing the most reactive agent of the series, was
ased as substrate, in the work reported herein, to mea-
sure nucleophilic constants by the Swain and Scott?
method.

This alkylating agent, in common with other mem-
bers of the series,® solvolyzes in water to form meth-
anol, hydronium ion, perchlorate ior, ard a stabie, un-
reactive, water-soluble sulfobetaine. The alkylation
of an anion vesults in the formatior: of the methylated
anion, perchlorate ion, and the sulfobetaine. The
equation for vhese (simultanenus) reactions is us follows,
where k, is the solvolysis rate constant and ks is the
second-order anion alkylation rate constant.

. 0,
2o CHOH + H* + CIO” + (j/
s N7

S o
N? 1 y
1o, -’i-. CHX + QO~ +
3

b,

(0) Thiz work was petformed undec Edgswesd A ! C DA
18-108-AMC-283(A).

(%) P, Bluiabergs, A. B. Ash, F. A. Deaiber, C. 1. Cleveno, H. O. Mishel,
B. E. Hackley, Jr., and J. Epstain, J. Ovg. Chem., 34, 4088 (1009).

18; C.G.SBwuiaand C. B, Beats, J. Amer. Chom, Bos., 78, 141 (1653).

The ratio of ka/'k, and k, is determined conveniently in
separate experiments in a pH Stat. Hydronium ion is
not generated in the anion alkylation reaction, wheress
it is a product of the competing hydrolysis reuction. Ac-
cerdingly, the reduction in the quantity of hydronium:
ion liberated at time ¢, relative to solvolysis in the ab-
s2nce of anions, is a measure of the extent of alkylation
at time & ° Mathematicai treatment leads to the foi-
lowing general expression.

2.3 log iShl /1S4

In this equation, |&] is initial concentration of anion
and [8,] is the concentration at time ¢, usually ¢aken at
infinity. The term {H*,] is the molar hydroniur jon
formed by hydrelysis at time {; it is equal to the initial
molar concentration of agent multiplied by the mole
fraction of agent hydrclyzed.

The alkylation of 18 anion nucleophiles wae studied
kinetieally in water at 25° (and 37°) and pi! 7.0 with
certgin exzeptione. The svstem was adjusted to 0.1 Af
it total salt; chis iz the sum of the agent and anion con-
centrations with socium perchlorate added if required.
The ratio of ky/k, is salt concentration dependent, de-
cressing with increasing sslv concentration. For three
sluggish nucleophiles, data were taken iore conven-
iently at 0.5 M salt and extrapolated t¢ 0.1 M salt.

The observed ratios k,/k, are naltiplied by 55.4, the
moler concentration of water, to give ka/ky. A cun-
veniional Swain and Scott? trestment is based on the
equstion log ky/k, = s, where n i3 the anion ausleo-

B itk oo v hta st eate seret ‘ata i
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Tasee [
Revarive NucLzorninicrses.  SwaiN anp Scorr Merson?

{subatrate:
Asion ka/ky, MY

Nitrate 0.20
p-Nitrophenyl

Methyiphnsphonate 0.27
{scpropyl

Methylphosphonate 0.57
Fluoride 6.7¢
Sulfate 1.4
Chloride 2.6t
Acetate 4.52
Chloromethylphosphonats

{Dianion) 7.28
Bromide 10.9
Bicarbonate 23
Azide ke
‘Thiocyanate 57.3
Iodide 74.0
Ethyl

Methylthiophoaphonats 150
Hydroxide 480
Thiosulfate 3500

¢ Except acetate, 7.1; bicarbonate, 8.3; aside aud chioromethyiphosphonate, 8.0 (equivalence point).
. Axlv.luu from Swnmr!Seon,'exmp& nigste.t ¢ Bromideion taken asstandard; n =

(see footnote d).

philic constar. A plot of log ky/k, vs, n is employed
normally to determine the slope, &, tha substrate con-
stant.? In the present siudy, a plot of log k:/k, vs. the
published nucleophiliz constanta® for chloride, bromide,
and iodide ions was linear within 0.02 log units. Ac-
cordingly, bromide ion (n = 3.89)® was celected as
standard to establish the substrate constant ¢ as 0.715,
and the nucleophilic constants listed in Tabie I were
calculated by dividing log k:/ke by 0.715. The value
of & of 0.715 for 1-methyl-3-(methylsulfonate)pyri-
dinium perchiorate is comparable in magnitude with an-
other sulfonate ester, ethyl p-toluenesulfonate (0.66).2

The alkylation of isapropyl methylphosphonate
anion was confirmed by nmr snd product isolation
etudies.

At 37°, with bromide ion as stan.ard, the slope was
0.702, reflecting the decrease in ky/k, to 9.6 s/~ (from
10.9 M-' at 25°). Nucleophilic constants for nine
anjons at 37° were in agreement with those observed
at 25° within 0.1 log unit or less.

Experirantal Section

A recording Sargont pH-8tat with thermoelectrie temperature
control (0.1*) was uzed. Solution volumes were 10-15 ml, 10-%-
10-% M in agent, using 0.02-0.08 N sodium hydroxide as titrant
with & nitrogen sweep. Sodium peechlurate was the added elec-
trolyte to adjust the total aslt concentretion to 8.1 M. The
infinity concentratior of hydrc~ium ion was adjusted for 5047
of the volume of titrant. Five or more rins were mads /1  cach
nncleophile in most cases and the results ars reported + the
number of significant figures warranted by the precision ot che
data under study. Nuclrophilic constants axpresved 1o two sig-
nificant figuree have a probable error of 0.1 log univ. Solvolysia
rate congtants for 1-methyl-3-{meth Wpyridinium pec-
chlorate were determined in water (0.1 M sodium perchlorate)
at pH 7.0 at 25°. The k, wans 8.18 (£0.10) X 10~¢sec™?; at
37‘, ke is 3.07 (£0.12) X 10-%sec™. Theratedecrenses within-
creasing salt concentration (see beiow).

Phosphonate and te.—The alkylation of iso-
propyl methyl phosphonate was studied st 25°, 0.1 M in saion

(4) W.L.Catty asd P. L. Nichols, Jr., J. Amcr. Chem. 80c., 78, 4388 (1084),

1- methyl-3-(methylsul{onate)pyridinium perchioroste (25°, 0.1 M total salt, pH 7.0¢))

Nucleophilie Constant »
ki/ke log k/ke Obed® Lit*
11 1.0 1.4 1.03
15.0 1.18 1.7
3t1.6 1.50 2.1 PN
38.8 1.59 2.2 2.0
7.8 1.8 2.6 2.5
145 2.16 3.0 3.0¢
250 2.4 3.36 2.72
€03 2.53 3.5 ..
804 2.78 3.80¢ 3.8
1300 3.1 4.3 3.8
1500 3.2 4.5 4.00
3170 3.5 4.89 4.77
4100 3.61 5.05 5.64
8200 3.9 5.5
26600 4.4 6.2 4.2
190000 5.3 7. 6.4

s C&l-.uted froms = 0.715

and 5 X 107 M in substrate. The ratio of ky/k, was 0.56 M ~t-
a’ 0.5 M salt, the ratio was 0.41 M. For p-nitrophenyl
methylphosphonate, 0.5 M in anion, the ratio of kx/k. was 0.19
M-, Isopropyl methylphosphonate was extensively studied
tlso at 37° and the ratios varied with phosphonate concentration
as follows: 0.7 M, 0.23; .5 M, 0.25; 0.17 M, 0.35. A comn-
parstive study of isopropyl uwthylpboephonaw was made with
five anslogous agents at 37°, 0.70 M in phosphonate and 7 X
10~3 M in agent; thevduesdk,/t.nnged from 0.26 10 0.29, or
conatant within experimental error. To establish a nu
constant for s phosphenate disaion, ebloromcthy!phnspbomc
scid of high purity wasused. Thestudy wasmadeat ihe equiva-
lence point \pH 2.0), pKe; 2.14 and pKe, 6.41, as determined in
water at 25°.  In asystem 0.5 M in disnion, the ratio of ky/k, at
25° was 5.20, corrected to 7.28 ct (0.1 Af salt concentration. The
alkylation of ethy! methylthiophosphcnate anion was studied at
25°, 1.72 X 10°* M in substrate and 4.96 X 10~* M in thio-
phoephonate adjusted to 0.1 M total salt with sodium perzhlorate.
The ratio ky/k.was 146 M ~*; at37°, twonunsgave the valux 1:6
and 122 M-,

Other Anions.—Bromide ion, tae standard, was studied at
37° over arange of total sait concentration. Theobearvod values
of ky/ks (M 1), a function of total salt concentiation (subsirate
plus bromide ion), are ax follows- 0.026 Af, 12.0; 0.088 M, 9.9;
0.160 M, 2.6; 0.26 A1, 2.6; 0.30 M, 7.6; 0.50 M, 6.8; 0.71 Af,
8.7. The corresponding values for &, (sec™!) X 10 are as fol-
lows: 0.026 M, 3.4; 0.088 M, 3.2; 0.100 M, 3.1; 0.128 M,
3.0; 0.30 M, 2.8; 0.71 M, 2.6. Alkylation of thiosulfate jon
excecded M0% even at s 1:1 moule ratio of substrate to the anion;
the resulis were reproducible within 0.1 log unit although the
sbeolute error may be greater. Bicarbonate jon was studied at
pH 8.30 over & wide range of mule ratics of bicarbonate to sub-
strate; ky/k, values ranged from 21 to 26 M -t _incressing (in this
case) with increasing ...t conceniration. Aszide jon wss deter-
mined at pH 9.0 whece the system appezred to be more stable
than st pH 7.0. Thiocyanate ion ww studied at pH 7.0 with
good reproducibility. Chloride jon was checked independently
using & sister ageit, methyl 3-(trimethylammonium perchlorate)-
sulfonate, both in the pH-8tat and by a sample-withdrawal titrs-
tion technique.

The lesc roactive nucleophiles (the first five anions of Table I)
were studied in water st 25°, 0.5 M i anion azd 10-? Af in sub-
strate. The rasults, ay/d., were ae follows (M 1) nitrate, 0.17;

p-uitrophenyl methylphosphonate, 0.19; isnpropyl melhylphm-
phnnsu. 0.41; fluoride, 0.51; sulfate, 1.02. Isopropy! methyl
pbospboumudwnummnudnd at s conoontration of
0.1 M in anica plus agent to give k-/a, ratics of 0.57 and 1.44
M-, This ootreeponds, in both cases, to 2 factor of 1.4 in
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ky/ky between 0.5-0.1 M. This factor was used to estimate
ka/% 8t 0.1 M tor»! salt for the other three less reactive anions
(see bromide ion data sbove).

The ratios of ks/k, (M 1), listed in Table I, wore determined at
25°. At 37°, corresponding data (0.1 M total salt) for nine
anions are as follows: isopropyl methylphusptonate, 2.0; fluo-
ride, 2.1; chloride, 3.05; acetate, 3.42; bromidc, 3.8 (stan-
dard); azide, 4.7; *hiscyanste, £.86; ethyl methylthiophos-
phenste, 5.5; iodide, 5.01.

Nmr Studies.—Nmr studies were made of ine solvolysis of
sister agent, methyl 3-(trimethyiammonium perchlorate)propane
sulfonate,® in deuterium oxide, and the alkylation of sor.ium
isopropyl methylphosphonato was studied in chloroforn and
dueterium oxide. All studies were carried cut in an nmr tube
using a Varian DP-60 operating at 60 Mcps. Hydroiysis of a
saturated solution (7%) of the agent in deuterium oxide was fol-
lowed by the disappearance of the signal dve to protons on the
SOCE, group at r 6.1 and the appearance of the signal due to
methanol at 7 6.6. Alkylation of isoprepyl methylphosphonate
anion was studied with the same substrate, but the suostrate
snion waa isopropyl methylphosphonate instead of perchlorsate.

The Journal of Organic Chemistry

The ehloroform solution initially showed the presence of SOCH,,
but, after several hours, & POCH, doublef appeared and the
SOCH, peak decreased in intensity. A solid precipitated, identi-
fied as 3-(trimethy'ammonium)propane sulfobstaine. Mathyl
sopropyl methylphosphorate was isolated; the inf{vared and
nmr spectra of the compound in carbon teirachloride were ideati-
cxl with those of an authentic sample. The nmr spectrum con-
tained a POCH multiplet centered at v 5.35 (one proton), snd &
POCH; doublet at r 6.36 (J = 11 ¢ps). A PCH, uoibls: oce
curred at r 8.66 (J = 18 cps), and a CCH, doublet {two methyls,
six protons) appesred at r 3.71 (J = 6 cpe). This experiment
was repea‘ed in deuterium oxide at a concentration of substrate
cfca. 20%. Although sulvolysis predominated, the POCH, pesk
was observed; methyl isopropyl methylphosphonate was isolated
and confirmed by an nmr spectrum {CCL). A control #*udy
showed that isopropyl methylphosphoni. arid was not ester.ied
by methenol.

Registry No.—1-Methyl-3-(methyisulfonat y) pyridin-
ium perchlorate, 21876-83-5.
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