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: ThlS the51s describes the results from three’ progecys- |
u, » . a D . ) R . A

e 1n organosulfur chemlstry. ' , R P N

‘.

’ ) The éikst tOplC concerns ‘the sulfene mulﬂhexchange-:m
phenomemon wnlch was. prev1ously observed when methane— .

sulfonyl chlorlde was hydrdlyzed in deuterlum 0x1d;r1n thé L .

pnesence of unhlndered tertlary amlne bases. The multi—

»
.
-, - L.

exchange was belleVed to occur vxa the methylsulfonyl—

’ Mammonlum lon, CH3SOZNR3, and sulfene amine zw1tter;on, . .
b \ % Fs 3 .
¢ CHZSO N Rs. In order to furtuer 1nvestxgate this ohenoménon, b
’ 4 .
. four quaternary metnylsulfonylammonlum fluorosuklonaée

s

saltsy CH SOZHR3 0SO,F, were syntheslzed w1th Ry varylnqvin‘ .

&
‘ 2
° - "size" from trlmetnyl to dlethylmethyl B _ y

- ’ .

- A4 M L]
When hydrolyzed 1n‘deuter1umdox1de with tﬁe-corgespoud- o

‘.

[ ing amine (NR3) , jthe four salts underwent extensive multf-
. 3

. e 'exchange of the sulfonyl methyl group, phrallellnq the'fase ::;

. . 14

: : "size" effect§ observed for methanesulfonyﬁ,chlorlde.'

° L4 . e v,

h‘ ' Multiexdhange also occurred when‘the salts reacted with C '/“S

' ", ‘ é-toluldlne-N /N-ds . Product deuterium dlstrlbut1ous . o
1 . suggested that both direct nucleophlilc dlsplacement on the’ :" j:

\ !salt% and sulfene trapping wére:ogcurrlng klmult;neously to."?}\j
3 i ¢ s . . - P -

glve produots. Calculat%g‘deuterium distributions'baséd’on'

L s ' ‘ ¢ . " ')

o . a comblned sulfené trapﬁhng—dlgplacement mechanlsm weére in 'y (/,
» N ¢ ‘ -’_‘-\ . ¢ ! A
good agreement thh experlmentally observed values glVlng R I

»

some support for the\groposed mechanism. . R Ty

) <« %r . ) . : &‘ﬁf - R 1.‘ ‘j o '
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'Th,e salts were also -fouﬁg to £e‘excell’ent methane-~- '-.'

v B ) |

" sulfonating reagents, surpassing the'reactivity of methane- .

sulfonyl ®hloride. or, methanesulfonlc ghhydrlde. The salts -

{ N r L . - ‘
gave the expected sulfene—der}ved products When reacted ’ ’//

. s
w1th alcohols, E-thUIdlne, chloral and &an enamine. '

The second toplc concerhs a- hydrogen exchange in. the

-

3

su}fox1de ln3 dlhydfobenzo[clthrophene 2- oxlde. The stere%.
chemistry of the.exchange ;;s examlned w1th hydrox1de in . .
+ agueous medlum and methyllxthlum in aprottc medlum . Th;\ -
rates Qf exchange were compa:ed w1th’;hose of berrzyl methyl =

- > ~ . °

o>
sulfoxxde. The results were dlSCﬁgsedllh terms of thé Rauk-

ta -
'f

“Wolfe—Cslzmadla calculatlons offu sulfinyl carbanlon o

L4 -
f A

stabllltyx “, 2 S ?
The f;nal toplc yﬁvOlVes t;i mechanism of thermal L
desulfonylatxon of 1, 3 -dihydrobek zoEc]thlqphene 2, 2 dlox1de.

Mlld thermolYSLS of the cis-l 3- deuterated sulfone gave

'J ] . , .-

trans 1,25 dldé terated ben;ocyclobutene, 1ndicat1ng concerted
mechanlsms for the two-step process. The results were-ln‘

agreempnt w1th thOSe predlcted by the Wood&ardeﬂoffmahn ‘254
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The fieldlof'organosulfuf‘chemist;y covers a wide ‘array

of compounds in .several sulfur dkidatioﬂ statesf-and a full* -

©

spectrum of chemlgal reaft1v1ty. Mgs a reflectlon of thlS

var;ed nature, thls thesis 1s concerned w1th sulfur in

°

o ) + \

“several valencies, pr1nc1pa11y Iv and'VI The compounds BN

- D

Hlscussed 1nclude sﬁlfoxldes, sulfohes and’ sulfonylagmonlum

, . . o /s

salts. , , el . ©

coe ; "o . . ~ . B .‘ ..

» . ‘Described in the first chapter is the preparation of-a
a, . » - o o . .

new series of compounds, qgatE:naryhneth§lsulfonylammonlpm'

o, ' + "; — - ’ 9
£luorosd$fonate salts, CH3802NR3 °OS?2F. These compdunds
have been found to be excellent reagents for the’® preparatlon .

e, [+]
°

of methanesulfonate esters and a number of practlcal examples

o S

.

. ° \ & . o

' —of thé potentidl of these salts as “mesylatlng reagengs

oc.‘ =

have been. glven..-Furthermore, the role of the methylsulfonyl-

o

o.ammonluﬂi ion 1n the: mechan1sms oT sulgene reactlons has beén

Q

- 1nvestfgated,“y1th partlcular émpha51s on the formatldi ef

) zw1tter10ns and. the multxexdhange mechanlsms of sulfene.

L The §ecqnd chapter deaIS‘wlth sulfoxlde conflguratlon !
p -

'and ltg effect upon the stereochemlstry of a- sulflnyr

)
1]

[

‘hyd;ogen exchange 1n 1,3~ dlhydrobenzo[c]:ﬁtophene 2-ox1de. .

Y

Sol:;Pt and base effects havé been. examlned and‘a comparLson

‘s

with' an open-chaln analogue, benzyl methyl sulfoxlde.

Q.

. made
N -
ehapteg Three gesqrzbes ‘a study of the mechanlsm of o
o . - o ¥ ¢ &

thermal desulfonylation‘bf tHe cycllc sulfbneAI 3—d1hydro-

-]

“,a 0."

benzo[ﬁ]thlophene 2, 2-d10x1de.' The sulfone was pnepared in

-

o

L

°



015—1 3- dldeuterated form from ﬁhe sulfox1de (preparatlon of

a

wh;ch 1s descrlbed in the second chapter), and subjec;ed to

vapourwphase thermoly51s in a@ cuartz. tube.. The’ deuterlqm

distnibution'of the product showed,the.desulfdn;laéion
' v .

-

- b u

process to be stereospecific at lower temperatures.

Because of the variety of topics discussed i thiy

. . - .ot B - .
. thesis, this introduction is given only as> a brief guide.

Eachuchaptér is <introduced in greater detail and further
2 s / 2 . , .
7 = ¢ - X @
commentary &dnd background information has been rgserved"for

. .
. . ., .
. ?

each, = -
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Ihe Chemlstry of Quaternary Methylsulfonylammonlum

-

Fluorosulfonate Salts”
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Sulﬁenej CH, = Sozf_is a;highlf reactiue intermediate#
species ;hrdn is formed b§ the reaction'oﬁ methanesulfonyl

chlof{qs'with"baeecq Loﬁetemperature izfra—réd obeervatrone
V(l[ suggeet that suifene iS~stable at 1iquid nitrogen temp;‘

eraturee, but 1t has neVer been 1solated or observed at room
]

»

temperature; Indeed most of?the ev1dence for the ex;stence

of sulfene is C1rcumstant1al Thls ev1deﬁce, whre% 1ncIudes
. .

product ana1y31s, reaction klnetlca and Varloﬁs other R

2

dexperlmental datad has been well reV1ewed (2) and w111 t

‘o ° . - .-
be dwelled upon at] length in this dlssertatlon. @,

<

One~of the s rongest and least” amblguous pleces of

o “ 4

gupportlng ev1dence for sulfenes was the observatlgn ©of King

‘and Durst‘ and Truce ahd coworkers (4) that the react}on

°

of alkanesulfonyl ‘chlorides w1th bases 1n the presence Qf

o a o

' deuterated traps such -as, denterium oxidefor methanol—d gave

products havrng one and only one deuterlum atom on the 7

’a-sulfonyl carboﬁ ‘ e v -,
T RCH ,50,C1 + DjO + B —-—;»chbsozon + BHCl
Notw1thstandrng this ev1dence, howeﬁer, Klng and
Lulnstra (5 6) observed exten51Ve mult;deuteratlon rnuthe

reactlon'of méthanesulfonyl chlorlde with deuterlum ox&de

19

and unhlndered bases ;Lch as 1 2-d1azob1cyc10[2 2 2]octane

L2

T




(DABCO), quinuclidine or trinethylamtneiin‘l,ZLdimethox -

b .

ethane (DME) solution. As -the size of the-base was increased,

., . o . . . - . +
considerably less\multiexchange was observed. Multiexchange

s

was also observed w1th methanol-d as a trap

It was subsequently shown by Klng and Hardlng (6,7P ’

that phenyLmethanesulfonyl*chlorlde and E—nltrophenyl—

'methanesulfonjl chlorlde also underwent multlexchange with
Dzo as a trap, especially with-DABCO as the base. ‘It was -

N .
°,also observed thgt the use of mére hindered traps such as
t-butyl alcohel-d resulted in an increase‘in mult&exchange

compared. to the less hlndered trap (D 0) ThevresultS'of

L

fthese lnvestlgatlons are summarlzed in Table 1. >

~These unusual results appeared to contradict prev1ous

' conciuelons'vbout the react1v1ty-of sulfene. Nonetheless,

when the react1on of methanesulfonyl chlorlde, deuterlum

S

'oxlde and DABCO was repeated ih the presence of 1~ (Z-methyl-

L

-,propenyl) pyrrolldlne, the enamlne—sulfene cycloadduct was

2 ° ©

iSOlated in'SO% yie}d, 1nd1cat1ng that sulfede was 1ndeed

be;ng formed in these reactlons.

\/——ﬂ C DZO/DME

N .
LT e, DABCO

L

Furthermore;, it was found that the'ofsgifonyl methYlene

group of the cycloaddict was partially deuterated (average -

.

composition CH1~25 75) " Not only was‘sﬁlféne'being
formed then,'aut 1t was undergo:.ng multlexchange before
;‘_/ L

product formation.

-

e

v
%
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- “MBltiexchange in 'the Reaction of Alkanesulfonyl : g
. SRR ctior e o
. .Chlorides with Tertiary Amines and Water or Alcohols . ‘e
. Sulfonyl - o - o, ,broéuct Céhessition* (%)
+ ' Chlorigex - | _ Base . Trap éa El 92 . 23 . ‘,,
T _Meg0,C1 .+~ Quinuclidine DO 1.8 13.1 21.9 63.1
| " - DABCO, - " 1.3  16.1 22:8 59.8
~. e Me N, "o 1.8 © 25.6 24.7 48.0
" " Me,EtN “ 4,8 71.4 17.6 6.2
"o . MeEt,N " 4.8 92.0 2.5 0.8 *
Lo A Et N " . 79,6 89.8 0.5 ' 0.0
G - : . “ 3 . ¢ . . ]
. " - BugN“ T, e 6 94 0 0t
v~ 'DABCO  MeoD -0 15 225 . ~60% .
' Egso,cl ¢ --° " 1 D0 5.5 8l.4 1311 -
» -o , - . ) : ’ ) . . -
L _ ',PhCH2SOZC]: io ) ' '.Et3N . X " 2_.5.1»“ 95‘-6 109 t . -
N ~ DABCO . " . 2.8, 88.6 8.6  --
B . . " . - " e " ~ 4.5 g93.0 g.«fs’ -
. . . 7’ . . ~(small exceSs)’ ' ‘ v
3 - M 0’ . - t - ,;‘, ? . (‘\
u _ " " Bu oD 6.3 58.1 38.64 & —— “
[ - : ' ' ° . ’ . A 't‘ . ,—" g ‘
. . P~NO,~PhCH _80,Cl- Et N | ’Aozo Si? 88,4 5.9 7 -
- ‘L L " DABCO . " 2.7 720,77 .296.6 ., -~ 7
S SR .8
> . y . ‘

* Deuterfﬁm dlstnibutlon of the sulfonyl methyl or methylene '7
group of the sulfonic acid or ester product. The sulfonic =

N acids were converted to the sulfonyl chlorldes to .
‘ facilitate mass spectrometrlc analysis. g . . ‘ N
- ’ i - . ’ i z ’ . -

. ' o + Estlmated by n.m.r. r-”..‘ I R SR s Ty
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The data were ity kEEplng thh a proposed meéhaﬁgsm
N h) "~

CHZSO NR3 for.med by nucleopnll;\,c reactlon‘}of the tertlary
¢ o %

base with sulfene (Figure 1) It can ‘be seen ﬁrom Flgure J

that “the equxllbrlum (K = kz/k between suLfene and the

-

f; zwltterlon would be greatly affectéd by the nature of- the’

- 3

base. W1th bulkier R qroups on nltrogen, the zW1tterlon

- would be less stable, and equlllbrlum would lie towards

n
sul:fene. Thls would, be eV1denced by leSSwmultlexchange

(viagk 3. ~and. more;sulfene trapplng (ky) - ~

_\ i

Smaller R groups,»on the other hand; would glve more
s ‘able: zw1tter10ns and hence more multlexchange. Calcula— -
tlo s based on thls mechaniéh, us1ng data fréom Table l

i drcated thﬁt the. ratio k2/k deCreased:whlle k_ 2/k3

’ lncreased as the bulk of the base lncreased (6), correepond-
lng to a decrease in multlexchange W1th larger bases.' Other

'Mechanlsms, such as exéhange via, the conjugate base of T

T 2 g .

v,.sulfene (CHa= SOZ) or dlrect dlsplacement of. the base on

the sulfonyl chlorlde to glve the sulfonylammonlum ion

CH3802NR3 were. exciuded. - Coe s
Thls multlexchange mechanlsm was also compatlble W1th

.

ﬂ

the data g\\\ethaneq phénjﬁmethane— and E«nltrgphenyl-
¥

methanesulfonyl chIOrLdes. 'The 1ncreased stétic(rednise*“

ments of an ethyl or benzyl group resulted an a less stable'
o /\ -
-
_zwltterlon and, hence, ‘less’ multlexchange 1n comparison

.

td methanesulfonyl Chlorlde. With gfnxtrophenylmethane-‘

sulfonyl chloride’, ‘the effect pf the stabllized "

.
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. : negatlve charge on the a- sulfonyl carbon was manlfested by

“ - .sr,

) Y

- a larqe 1ncrease ‘in t%e éx{ent of multlexchange compared

’ _w1th phenylmethanesulfonyl chlorlde. This {5 a&n example of

*» v . .

zw1tter10p stablllzatlon by- elaptronlc Lnteractlon

It was also demonstra/ed that the multlexchange could

."' . ~

Rl ‘ be enhanced by slow1ng down the squene-trapplng rate., .

K - When t-butyl alcohol- d, a hlghly~h1ndered sulfene trap, wés
« !

- used the extent of deuterlum Lndbrporatlon for phenyl- - -

methanesulfonyl chloride (DABCO) was. remarkably enhanced,.- Lo

relatlve to the same reactlon with deuterlum oxide- as trap.

N -

The ratlo kz/k4 was 1ne&eased in this case- due marnly to.a

P 'decrease in k4 (Figgre 1). : oL ' SRR I ;:

. . The squene~amine zwitterion has aISo been QhOWn to\be
L. . )

a key intermedlate in/the formation of stllbenes from the -

-
o .

. reactlon of phenylmethanesulfonyf’chlorlde w1th tertlary

Al
» a ! .-

amine bases in the absence ©f a sulfene trapplng agent. As e

- well basé-size effects in the formatjon of f- sultones from: PO

>

'reacbfon°of:alkanésulfonyl chlorides with chioral suggest .

that zwiteerions are involveé (7y. D . L o * -~
2 _“gﬁl ’The concept of a zw1tterlon1c Antermed1ate in sulfene EES ‘<
3eactlons :s not new. 1In 1962, Fusco and cowdrkers . .

postulated that—ArCH&OzﬁEt3 Was involved in the formation L: ;: _:.

of* txans-stilbenes from ArCH2502Cl and triethylamine (8)" S Tk
' (thls was only recently conflrmeﬂ (1)) A number of stable

.. - =
. sulfonyl zwltterzonlc Bpecies have been 1solated, 1nclud1ng

T

-

. CH3SOZCH502NM33 (9), ‘CH SOZCH§b2§Et3 (9,.rb), £CH3sozcnzsezr- e,

- '(cH soz)csozﬁzt3 11)., CF3CFSO ﬁcsﬂs (lzr, R ﬁsozusozun

2 (13)l‘ -"..

. 7 |




S C ® ’ By .9

s . . ¢ ' L : °

+ - . N , T T
RNSO,NCOOEt (14), and PBNSG o) (l)). "It can he se@n that in -

each. of these cases, the negatlve charge is well stablllzed

“/

* r

giving .the zwittérion sufficient stability to be isolated

and characterlzed - N ’
, , .
A less stable zw1t!%rlon, RHOSOZO has keen postulated

e

PR
€

as an lntermedlate in the bydrolysis of alkyl hydrogen

v

sulfate esters (16), although it has not been 1solated .

- -

Strong @rﬁfedent,\bhcn, exlsts for the sulfene amine

zwitterionﬂ_ However, it-is not unreasonable that i't has
L4 ’ "o

~

-’ ﬁot been isolated, .since the negative charge on thls molecule

~lacks the effcttlve stab1llzatlon observed for the several

»
1

examples listed above. .
. Thellatenﬁ stability of the methylsulfonylammonium
p -+ _ . ) . ‘ ‘ ~
salts, CH SO2NR3A . the con]ugate agids of the zwitterions, -

- has not beeﬁ 1nvest1gated The saI%s are key intermediates
-in the multiexchangeu;roc?ss and, by.analogy to ekylsulfOnylr'
~ ammonium. salts, would be expected to have appreelgble
': ‘ stablllty-—perhaps enough to be 1solab1e. The first

» ’

splfonylammonium salts wgre prepared by Vorlénder,and
- - Kauffmanh in‘19ld (17),. who observed the formatlon of a 1:1 -

. ) ‘adduct between benzenesulfofyl chlorlde and trlmethylpmbne.

I PhSO.ClL + NMe,—-> phsozNM,eBCL-. o

S The adduct was a b}ystalline salt, steble to water (it was -

'prepared in aqueous solutlon)’ This reactadn has been shown
<

to .be responslble for false results- in the classmcal Hlnsberg
' -

LT . test fo; amlnes (18)" Tﬁ£ correspcndlng pyrldlnlum SaltS‘

-

have also been.reported.(lQLa ~However, the'adducts of more’
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*C

T 10

. . 12 . - - ’
" hindered amines such as triethylamime co®ld nat be

it .
prepaned 20)» _ ' L0

’

‘More - recently, arjlsul‘onjlammonlum hexachloroantl—

-
L) Q'

monatég\have been prepared bj N methylation of N, N—

dlSUbStltuth arylsulfonamldes wrth dlmethoy/carbonium

hexachloroantlmonate (21) . - -
. : o . LI ~
I - . + A
RrSO,NR, + (tHBO)ZCH‘SbC16 —* ArSO,NR,CH, SBCl,

As well, a novel and selective tosylating reagent has heen.
prepared &y reaction qf E-methylpyrroli@ine'ana tosyl

chloride in the fresence of silver perchlorate (22).

PR . . ¥

. . . g oCHy T T .
. TsCli + N=CH,. + AgClO, ————> N wm = - ClO, & AgCly
. R 3 Lo 4 a . N 4 . .
Y . Ts - .
© : N * -~ © -\

This sulfonylammonium salt has'been‘afférded an.extra -
K - -

measure of stabillzatlon by replacement of chlorlde ion by
(\ s “/ i

the less nucleOphlllc perchlorath\gounteranlon. This

e . :

prevents reverse reactlon by attacy of chloride ion-‘oh the

ra

sulfonyl group to regenerate tosyl chlorlde (a problem ¢

3

-.[encountered'w1tn‘$bCl&_as the counteranlon).

.

The obsenvation of a é(destable‘trimethylamlne—‘

methanesulfonyl chloradet“adduct"‘at low temperatures by

-
]

Opﬂgh and Flscher (23) and the demonstratlon of s1gnr§1cant

oo

anlon effecta in the établllty of arylsulfenylammohlum salts

'3 El

by OlShl (22) suggested that - salts wlth the structure L s

’ P

CH3SOZNR3A would be - stable if R was not too. bulky and if

A" was non—nucleOphlllc. Recently, Alder and -Ahmed observed -

that N, N—dlmethylmethanesulfonamade reacted w1th methyl

fluorosulfonate tp form a colourH’;s, crystalline solid (24)

h

®




\, The n.m.r. of this matérial indicated that the sul fonamide’

.. had been’§~methyiated and that the'structure of thks product

F. The

\

was that of-the sulfonylammonium salt CH3~SOZﬁMe3 2

T0S0
requirements‘qﬁ nongbulky ﬁ—alkxl groups and a nori- nucléo-

philic anion,é?e épparenily satisfied’in this salt,°with the

\/yantiq}pateé resualts. - RN - e
( ) : The observations

® d °

«Jf Alder and Ahméd haye been;confirmed.

o
-

. Four sulfonylamuonium. salts with the structure
- \4; , . _ © © ‘ ] V ‘
CHBSOZNRzMe’ OSQQF have been synthesiﬁed and characterized.

° ¢

"

The reactivity of these salts as mesylating reagents and as

model subgtrates fprzghé Study'of_the multiexchange : >

I

phénomé on. have been - investigated, qhd these results are
S e . , . ) -7 ‘ .

presented in the following sections. - y

<
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Pésults‘and,Dlscu551on , . "

o : ’ i
A, Preparatlon and Characterizatlon of* the Mcth]lsulfonyl—’

N - .
T : ammonlum Fluoros fonat?/ggzts- "
Q< . .‘ ‘
te . ' © hs .observeéd by A‘der and Ahmed ‘(24), N,N-dimethyl- -
mcthanesulfonamlde and methyl fluorosulfonate " Maglo
- - 9

Methyl") reacted spontaneously at room temperature to
produco long, %olqurless needles of«trlmethyl(methyl—

S
sulfonyl)ammonlum fluorosulfonate salp 1. The trimethyl-

»
- a © ¢ -
»

ammonium salt was_found toqbe Lnﬁolubge in most organigc
. 2 . . - . R Co
solvents, but dissolved readily -ang without apparent

- ‘ - @ N -
decompoaition in acetonitrile from which itJcould be - .

recrystalllzed by a&dxtlon of methylene chloridc The n.m.r. .

s

sp!:trum of the salt was recorded in fluorosulfonlc acid
o . ¥

T solution and showed two‘SlngleLs (4 3.14 and’ 3.46 p.p.m.) in Jﬂ
' the ratio 3:1, as expecte_d for th‘ N- trlmet‘hylated salt
" . | . Three othef salts were prepared in a sxmllar manner,
but under more forc1ng comdltlons ' Thé Hfmethylplperldlnlum

salt 2 was prep@red from methanesulfoupiperidide‘by heating

‘_1n methyl fluorosulfohate solutlon for 18 hours at 60°
o~ o Slmllarly, the dlethylméthylammonium salt 3 was prepared by
warmlng N N- dlethylmethanesulfonamlde in methyl fluoro— S

pa
‘ _ sulfonate for 3 days_abrSOO. The ethyldlmethylammonxum sart
v _ ‘ AT

= - " - 3 was prepared by doubIa‘.'.ethylatlon‘of g-ethylmethane_

) sulfonamide. The sulfonamidé’was dissolved i1i methyl
4 o, ' e '
S fluorobulfonate and allowed to stand at room temperature for

- 2

; 18 days. In all cases, the reactipns were worked up and the
/ products 1solated in a\dry—box under .a’ nltrogen atmosphere.‘

->

2 4 . ¢ -




- e

1ng decomp051tlon.

Attempts to prepare~the adduct salts of‘mgreahindered“'
. . v o
methanesu?lgnamldes (namely the N, N—dllsoprORyl‘L N-N-

dibutyl-, “N,N-dibenzyl

amides)

-

were unsuccess
in -decomposition and a
sectioh.

_The structures. of

v
-

wefei;onflrmed by n.m.

elemental analyses and

B

corresponding tertiagy'

summarlzed\ﬁn Table 2.
The salts were hy

_their meltlng p01nts ¥

[y
Q

ccompanled by decompo
1ts could be report

©
hand edllh a nitrogen-

ammpnlum salt (1) could be kepbdfor 2 or 3 months.
%

the dlethylmethylammon

- after about 5 weeks in

-’

ampoule under d - 1tr

underwent ngy/vi ible d

months. Th

-

sterlc substltutlon on

" 'be stored for several months uﬁder properly anhydrous

»

condltlons.

Under these.condlt1oni,

Vel

l

-, and N—phenyl -N- methylmethanesplfon—

ful.
- ) - ) , - = K
re not repdrted in the experimental

o .
. A ]

the four salts which, wer®t prepared

r. spectrometr tlsfacgory

4

ecomposiﬁidn'to'the, .

hyérolytlc ‘

amines. The data for the salts’ are

,c‘; s 7 o= . e
O = i) .

groscop1¢ crjbtall;ne -solids, 'Sihce

anged over several degrees and were .

- [ 1 o .

51tlon, only approx1mate meltln

The salts Were stored and

T - L4 L]

atmosphere dry-box (over phosphorus

ed.

0

pentoxlde) to mlnlmlze any CGntact with m01sture and result-

. ¢ <

However,

ium sa}t (4) became an oxlf=sem1-solld
the dry box. When s;aled 1n'éﬁ ¢

ogen, Gn the - other hand th;s salt
ecomposltgon, eveh after sev;;al

e s e )
the nltrogen, but nonetheless, could

2

I'4

the trlmethyl- ':

These attemptsfgenerally resplted 2

<}

salts appeared to be less stahle w1th lncre351ng




TABLE 2 '

Trlalkyl(methylsulfonyl)ammonlum

Fluorosulfonate Salts

salt. ‘. < = ‘ Yield - Meltirig-Point*

@ <

: + ~ . -3
cu€so KMe 0S0 SF (1) : o 88% -
3772 . e .

o [+ i
. 130° (dec)
. Me s " .o N )
e ’ . 3 c e
CH SO N@ OSO F °f120 (dec)

fe  350_F (3) ~100° {dec) '
R S A :

°

° ¥ o0 - LT . ' . : "o 'J“go"»a'
CHgsozN?tzMe.Oﬁozs (il . - . ‘ . 115 1deq)°

@

— 5

“

* Meltlnj’Q01nts ‘were taken in sealed capillarles.

Y‘tpl

e

v

7




«o

.

on
2

. 'h Tkeatment of the sa}ts w1th aqueous alkall resulteﬂ in 5

N ° © 3 « o

rapld hydrdlysls w1th fdrmatldh of‘the correspondlng

R . .
- o I3 . o - o ® -

tert1éry amlnes. . ' . ° et . , RN

. A
- - . - ¢ oo o o
: ¢ » L. -~ '_ o

'(i CH3SOZNR3 'A-+ "OH ~———+ CH SOfOH + NR3;+ )A .
~- < ¢

" The amlnes were 1solated ascthelr plcrate salts and these )

N .

B

LS‘

,cgmpa;ed with authentic samples;_°Ip all'caées,athe'mixture

° < ﬂ‘
=4 ° °

meltlng points. wltﬁ authentrc plcrates were-gndepnessed

¢ v ©

conflrmlng that the s&ﬂfonamldes hag Béen N—methylated Qy'°

The data arecsummarized in Table 3.

L, e methyl flk%\ulﬁonate. ‘ 4

ie Q
B

<

@

ére,dtherefqree readlly prepared by N—methylatlon of T

] @ a

ome%hanesulfonamldes Wlth methyl flﬁorosulfbnate. Thie

u . J -

.synthesls appears to be llmlted to relatlvely non hlndered

< ‘

%ulfonamldes. Although hygresc0plc and - readlly hy@;olyzed
LA .

by;waterq theusalts are very stable when stored under ';a

[§] e..,
ot -

Janhydrous condltlons ahd ‘must be handled accerdlngly to .
* 5 ; - , M \ . ° o
prevent decomp051t1bn.°

-
he L}

-
»
e,
&
fl
°
°

e
°
G
[}
©
s

.
o
9

o

'_v Trlalkyl(methyisulfonYl)ammdnlum fluorosnlfbnate salté

. e

Y

’
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TABLE 3 -
-

g °

Tertiary Amine Formation from the Agieous

Hydrolysis of the Sulfopyl

ﬁl@orosuffenate'Sal

-
L

° . 5.

gg' . . Picrat
Yield. -"Melting P

ammonium

¢

ts .

e Reported” o-

ofnt.

T

- 215-217

o

62%

' 145-147

° . °
- . -

. r ©

<

NEtMe' 202-203

LI 2.

o y83—184

°

Melting Point

i
L3

216° (25)

o

e . ~148°

.
o]
-
-

o w k26}

o , e "
.. 193-195°

° (26)

©

o

185°

o




[ o & ‘ ) . ‘Y 0. ° ‘1 7
[ ‘v ¢ ot o
B.. Reacthps ‘of the Trlalkyl(methylsulfonyl)ammonlum . 0
s —L\)r) H
. o ' L. B © . N S o
‘e o Fluorosulfonate Salts s o Wt

. ‘ @, -
. The four sulfonylammonium salts Weré investigated as ;

: . methanesulfonatlng (mesylatlng) reagents and potential’

4

-

e ' sulfene precursors. The dlethylmethylamﬁpnlum salt (4) was - X

v

found tQ be the moé&t’ effectlve mesylatlng reagent and was_

' 1nvest1gated more thoroughly than'tbe others. Nonetheleps,
S call four salts were found to be hlghLy effectlve reagents
» Q . & .
. s 7 even under mild condltyons and superlor under llmltlng

4

condltlons tg other mesylatlng reagents such as methane-
' .sulfonyl chlorlde (mesyl chloride) or' methaaesulfonlc
o

[

o ammdride.. o

-
-

. 2 o Mesylation of‘38—cholestanol was. conducted with the

° _'trimetﬁylammonium salt. (l), methanesulfonlc anhydride or

e o ° -

mesyl chloride under 1dent1ca1 condltlons. The reagents 4

- » . -~

wet allowed to react w1th the alcohol for 30 seconds at-eo
‘3'

e - - ’A__"t"“ = e

- in the presence of excass pyrldlne. -Under these condltlons,'

-

the triméthylammonlum salt gave almost complete conver510n .

" - of the cholestanol to:cholestanyl mesylate (>98% by N.M.r .

5,0 ® ) - T and t.1.C. ), whrle methanesulfonlc anhydrlde gave only 60%
8 ., oo 2

' ' “and mesyl chlor&de 1ess ‘than l% (Table 4. . x

) Slﬁllarly; when cyclohexanol was mesylated w1th/the

e

"salts or methanésulfonic anhydr;de at -78° 1n/all cases’

. . the salts were found to be more effectlve reagents, glVlng‘,,'
L0 from 35% 'mesylate for- 1 to. 80% for 4. ’I‘he anhydride gave
: only aboud 20% cycl?hexyl mesylate.. The results are o . '-

v e Tt summarlzed ln Table 5. . - . N A , S




) TABLE 4 = - o T

. . . .

- : -

< e

0 . - . -
|

‘ﬁésylafioh of 3B—Choiestakol!

Comparison of Mesylating Reagents ° . . o
N 5 - ' Crude o Extent of
. IS * Reagent : e Yield i Mesylation
N . ’ -h. ' : _ . ) ’ ’ , .
CH_SO_N({CH OSO_F 221 ‘mg - > 98%
) 350N (G 5 0SOF e -
P . b . . « .
H_,SO_0SO0 - 20 s+ - 60%
C 3 O2 S 2CH3,J . . 0 mq’ ﬁ
€H,S0,C1 S 170 mg = - < 1%
5,
’ ' .o ‘o ¢ ]
R o . .TABLE 5 . .
. ) ,' R _ ) | L. *:4
- Mesylation of Cyclohexanol: ’
. o N ] Comparison(%f the Salts as ﬁesyfaging Reagents ,
| : - ’ . Crude - Extent of
Reagent . - - . . Yiéld Mesylation -
. T . ) . . . . . .\ S N ’
C . . . + - . . . B ¢
. CH3802N(CH ; 0SO,F . a 64 mg ) 35%
- . . . e X - i R N N
s cé so fC3 G;EfF ' 132 | s
- - 3 2 & , 2 . ' 3 bk mg ) - v,
v o L . ‘
p CH 08O F~- - 2 . 70%°
CH,SO N (CH,) ,CH,, 3. 0, o 124 @g ) o 708
. +ﬂ - ' ’ _ . .-
. i N(CH CH_ ) _CH, OSO_F - 144 mg. - , ’
. C%3$°2 (. 213 3 2, . 9 , 808
Co a vQH33020802CH3' . . - o . 93/mg : . 20% -




[ . . [

Salts Ly g.and;i were,alsc used to mesYIate a variety

of alcohols under mild’ reaction conditions. Typically,” the

salt was. dissolved in gcetonitrile solutich and "added to- the
..l ’ . r} . 0 : o -

alcohol in methylene chloride solution'with a catalytic~

‘L

quantlty of bas® such as pyrldlne or dlmethylamlnoaceto-‘-ﬁ'“

-

nltrrle (DMAAN)‘@‘Only a- catalytlc amount of base (e g. 0.1

equlv) ‘was’ requ1red in these reactlons because the salts

generate an- equ1valent amount of base as theY‘?eact. o Lo
a oy 8
‘CH_$0_NR, +* ROH ~——> CH,SO.OR + HNR
.w - ?3 2 3 N 3 2" ) H ’3 ‘n

L}

Thus,'only suigibient baSe to imitiate the reaction was

requlred and eveﬁ mild. bases such as DMAAN were adequate&,,

t
2

The ‘reactions were performed at O° or room temperature for

5 to 10 miputes ‘and the’ products were 1so}ated by a standard$

»

¥ .
-extraction :procedure from aqueous acid. Where possible, the

‘products Qere purified by recrystallization or distillation.

K

- o

However,. the tharmal instability of man§1liquiq alkyl

¢

mesylates prevented the;r dlstlllatlon. Ncnétheless, the"

reactions gave very clean products and some were sufflclently

i o ~.

pure to glve satlsfactory elemental analyses after a work—up,

° o ,procedure which included several.water washes but no further

»

purlflcatlpn. o ' ._' ' - 3
Ethaq4_~ benzyl alcohol .and. 3B~cholestan01 were

mesylated with the trimethylammonlqm salt (1). Expetiments

. v L

with cholestdnol as substrate indicated that when pyxridine

was used as the base, the‘yiela'ﬁf cholestanyl mesylate was

%
- °

. . . o

¢




better than when DMAAN'(80%)for.2 6~di—t-buty1pyridine

. (<10%) were used .WHen no base was added an isoiated-
yleld of only about 50% cholestanyl mesylate was’ obtalned

after 3 5 hours The presence of a base was obylouslx

e necessary for a. fast and eff1c1ent reactlon -

P
-

Wlth 1- borneol as substrate, 1 was found to be a pOor
., mesylatlng reagent ‘aIn a 1 mlnube reapt;on w1th pyrldlne

‘as base, only a trace (<5% by n. nx}') of Ebrnyl mesyIate was
.,\ -~ - .
. formed. However, after a 10 minute reactxon,'thls yield was

‘raised to 50%. ' Other bases, such as' 1huum1 N- ethylmorphollne

L] 4 '

or trlethylamlné gave back the bulk of bhe l*borneol

unreacted (see Table 6) . ‘Also observed 1n the n.m.r.- of the

crude products were trace amounts of 1 bornyl methylsulfonylr

‘methanesulfonate (' mesylmesylate"). " ,a ) ‘ o

@

. 1-Bornyl Mesylmesylate -

- T osozcnzsozcu3

This product was presumed to be formed by trapplng of .

.a

"mésylsulfeng" formed from the Opltz zw1tter10n

CHasQéﬁhSOZ§R3 19, 11), The reaction scheme for formation

of ﬁesylmesyiatés is outlined .in Figure 2. Only with DMAAN = ‘'
;~ Y ey . .

. " as base was no mesylmesylate oBseru9§~

The* N—md!hybplperldln;um salt (2) was also found to beA o ‘

- - a good mesylatlng reagent. However, in* the mesylatlon of

38-cholestanol w1th this salt the n.m.r. ~of the crude
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e g . " TABLE 6 e

.
-
S 4 . ‘
) ) I
» - , N
- N
&
.
. o a 21
\ ~ ©
.
. ’ <
N . .
> . - - -
. .
. v - N !
. « ) .
: . \
2
- . . - - e

3Beaétion,6f:3rimethyl(meéhylsulfonyi)ammonium

Fluorosulfonate with 1-Borneol in the

1.

2.

'Presence of 'Various Tertiary Amine Bases's
. - Relative Proportiens of P&d}igts& :
. 4 - Recovered , Bornyl " Bgrnyl
Basé* . Borneol Mesvlate Mes#Imegvlate
-
B ) . ’ "’
" DMAAN . « * . 95% ' 5% <77
(5 ul; 4.2) SR - S
‘Pyridire. » v 45 : fMMiSO . - Is
(4 p1; 5.23) _ : y RE
N-Ethylmorpholine 90 5 5 '
(6.5 nl; 7.70) '
Triethylamine . ' 78 , 17 . ) 5
(6 wl; 1p.72) - - 5 - :
S . X q:h .
* Da%a in parentheses are respectively:- améﬁqg of base 'used;

pKa'of conjugate acid of base (78). \

The n.m.rs spEctra of 1- bornyl mesylate and mesylmesylate
(methylsulfonylmethanesulfonate) are descrlbed elsewhere
(v1de infra& : .

-
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. . FIGURE™*®2 . .
» 5 <t * -—-—-——:————-— -

. Fl - ° '
Reaction Scheme for Formation bf

‘Methyléqlfoﬁylmethanésulfdnaté (MesYlmés{late) Esters

[
P

! . s . .' . . . . . -V .
S, B . ‘ -
LH3§O2NR3;:::=i LuzsojNR3;;;::z LHZbSOz + N@B

)

. ‘ , ’ Lt ' o s - A S ' .
- + . °

N . CH S0O,CH=z50_NR . .
s 22 2.72 3 ‘o

- L.

.
~. - -
" -
13

~ ) e Y o + -
CH,80,CUSO_NR, g===2 (_113_502\?11\ S0, + NR |
' T . =L -
Dpitz' Zwitterion ‘ Mesylsulfene -

. Lo L ROH -

)

. ' M -

" v
.

ch 450,CH 50,0

- .
o

. . Mééylmesylatefﬁstéx




RS ¥ed

’ .mqéylmeéy}ate). The ylelduof this by product was about 5%.

e |

Al A v, - -
-~ . , ‘
3 . «
, - ' o " RN N

™, . ' - -

t'nw - N > b | ')

L e R S ) v . 24 ¢
“ - - Lf FIR ’ -
~produgt bhowtd p@dks curreapondlnq to . Lholcbtdnyl musyl— “

.mcbylate (by compquhgn with the qpeotrum ol l borny}
+

. .. . . oa

-«

‘WiLh l—borneol as substgatc and DMAAN as bas f qavo

a 69% yheld Of 1- borny] mebyldtu_along thh 19% of Lhe

e /—u.‘

mcbylmcgylate. Wlth pyrldJnc as’ base, theé yxeld of rmesylate

o

-

and mesylmasylato woere 664 and Be respe(tlvorya NiELhyl— » B
X « .

morphoeline and tridthylamine were_ found to be very poor | A

R : {

catalysts, giving low yields ¢f mesylate and mesylmesylate
© 0 LS ' : N

and 75 te 85% recovery of unrcacted borneol. - These results

* [ . -

are summéfi7¢d:in Tablc 7. " ',. T .
.Mesylgtlon o{ alvoholb with thCldxcthylmethylammonIum
Salt (4) wa& examlned éxtensively- dnd thc rebults>ara listed

3 . e !

in Table 8. wAlJ Lho Yeactxons were gpn at - ()(J for‘ln mlnutes

\ . N -

-with.0.1 equiv DMAAN as base. The extent ofrmesqutyon wash

- . . . »

detcrmined from ‘the isulq}edayieldé and n.m.r. and°t.l.c. of

©
- -

the crude products. Thé purified produtts wereé ¢haracterized

o .

by n.m.r. and i.r. and wherever possjble .By clemental
y n . r o y :
%nalyses or:preciso mass determinations. , _ . .

. .-

Both l borneol and 3u chﬁlestanol (eplcholcstanol) gave
a small yleld Qf the correspondlng mesylmesylate éster. The
extent of . formatigp of l-bornyl mesylmebylate (reldtlvc to

the mesylate) was found to be solvent—dependent“WLth a more

K -

polar solvent mlxture (acetonltrile anQ methylene chlorlée)
g1v1ng hlgher yields of the mesylmesylate. These results

- < ) o~ . . . - -

af::}ummarxzed in- Table 9,

© ‘. ’ N ) @
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| TABLE 7 y S
) o . . .- ~ *
kReaction of 1-Methyl-1-(methylsulfionyl hpiperidinium
; Fluérdéulfénate with’l—ﬁorneol in the Prescgce
of ‘Various Tertiary Amine Bases .
. ertiary : ;o
- ( * “ - “y ¢ +
-t . . ﬁplat{vé Proportions of Products
' g Recovered “,uo;hyy 'Borhyl
Base* ~ . " Borneol Mesylate — Mesylmesylate
DMAAN = . . S Y \ 69% . 194
(10 wul; 4.2) S . SN
Pyridine I 26 S ee -
(8 ul; 5.23) ‘ "&;! . ' '
N-Ethylmorpholine 5,7 12 13
(13 pl; 7.70) ’ - ' ‘
Triethylamine ! 85 | BRI : 7
S (15 ul; 10.72) ' -
- Y M - N ..

* Data in‘parentheées are ésggggively: amount of base
used!” pKa of conjugate acid ‘'of base (78).

-
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P) . . . . {ﬁ .
o - . o . . ?,‘-vf) -
“ e - .
* = Q &
c P - ‘ .,
TABLE 8 )
o :
Mesylation « Alcohols WIL}lI)lethyllm»thy] hmﬁthy]— - o
% : : & .
. 5ulfunyl)anmon1um F]uorosulfondt( ’
- . . .
. R . - kyuivalents. Extent .of Purified o
L Alcohol - of (4) Used ~ Mesylation** Yieldt{ -
2 ' ) » ’ . L4 ) ' B -
Ethannl . 2.0 94% . 77%-“ o
Cyclthano].‘ . 2.0 . gy . 80
1-Menthol - 1.2 , J00 99
t-0ctanol T2 A 100 V. 92
3, 1*Borneol : I L L 77
@ — .. . - . . .
Si-Cholestan-3(i-ol 1.2 . cteo - .79

ba-Cholestan-3u-0]l 2.0 861 73 -
Phenol - 1.2 : 100 .80
Allyl Alcohol : 2,0 92 81

BBenzyl Alcohol : 2.0 T 100 95 - -

* 1-Bornyl mesylmesylate *(11%) also formed

1 Lpicholebtanyl mesylmes?ldte (L4%) also formed : .
4
* A }atlmated from the - Lsolatea yleld ‘n.m,r. and t.l.c. of .
Lhe crude products. ° ., o e
i Products ere pur;fled where poss;blc by recrystalllza-
tion' or dlstlllatlon, thermally-unstable liquid . . ..
. mesylatgs were purlfled by .extensive washgng during.
- work up and showed no detectable dmpurltles by n.m, r. R

o

®c




TABLL Y

Eftcct "of Solvent on thdé Katio of Mesylaje to

1

Mésylm .ol at o Forméd in the Reaction of
I-porneol with biethysgethy] (methydsulionyl)-
N . T o T . ‘

¥
.

ammoniuim Fluorosulfeonate®* .
. - .
o : » . - .

3

e —
¥

(‘31-12;(_‘12.:(.‘1{ CN I ": ] Mef:_syr,l@c:MusylmvsyJ«:Lu*“

C -

* Base: DMAAN (0.1 cquiv)

1" Volume/Volume

LA Molé/.Mole '




The formatlon of the Opltz zw1tter10n QFlgure 2), ‘and,
8.
hence mesylmesylate formatlon are apparantly enhanced by
: <
\
1ncrea51ng solvegt polarlty‘(atablllzatlon of 1gn4g_§pec;e$‘

.\

in acetonltrlle solutlon &s well known (27)) In a‘more
g .

polar solvent, the- stablllty of the zw1tter10n C}IstzNR3

would beé. enhanced. This would presumably result 1n an’'

N v

v . . “ A %
. . . Q . . .
inereased- concentration of the zw1tte;1%n and more- sulfene,
trapping by the zwitterion as a result of this increased °
‘ . ' : ¢ . - o )
concentration. N ~
. - L‘-", ) ) - e

se

As.observed with salts 1 and 2, . the meSylation ©of

. ’

l borneol w1th the dlethylmethykammealum salt was affected

-

by the type ‘of base used ‘DMAAN was SUperlor ‘as aQbatalyst~

to the other bases (Table 18), giVing tne meéyléte (89%)

-
-3

and mesylmesylate (11%) and no unreacted ‘borneol. 2, 6-Di-t-

(=]

butylpyrldlne gave 15% conver51on to bornyl mesylate\xgter o

‘10 minutes reaction and 28% after‘r hour. _The'yield of

e

mésjlmesylate after 1 hour wasan%.z Pyridine gave 30%>

mesylate and 5% mesylmesylate Hut stronger bases gave only
-

mlnor amounts cf the proddbts w;th the bulk of the start'

o

4
material.being recouqred unchanged.

Q

In a regction observed by n.m.r., £- butyl alcohol was

mesylated by the dlethylme,thylammonlum Salt 1n the ﬂaresence

.';_of pyridine€ (2 -equiv) at —780.‘ The t-butyl mesylate was

.-'/"'
3
«

-identiﬁied by . bande at 6 1.57 ahd 3.01 p p.Mm. ln the ratlo

L

3;1 The mesylate appeared to be stable‘at lower tem~— - v

pexatures (<= 50),_w1th no apparent decomp091t10n observed in




<

TABLE 10-
P s =

.
o

Reéctlon of Diethylmethyl(methylsuffbnyl)ammonlum

Fluorcsulfonate w1th l Borneol 1n the Presence
o \
e o§ Varlous Tertlary Amine Bases
. - \ ) .,‘)-
Relatlve beportlons of Products
-
: Recovered Bornyl Bornyl .
, Base* . __Borneol Mesylate Mesylmesylate

E-] 3 : : . . L

-

2,6- dl E‘Butylerldlﬁe+ " a) B82% .15% 4 Y. - 3%7
(17 mg, 3.58 (81)) “ b) 60, 28 . 12

DMAAN . “ . 89

(10 1, 4.2-(78))- -,

. ) B
Fridine

BRI ¥ 5.‘23&))
‘ N—Ethylmorpho "

(13 ul, 7.70° (78))

Trlethylamlne

L (14 pd, 210,72, (78))

e

Y

‘o .
s Beactlon-with 2 6~ d1 t—butylpyﬁ;dlﬂe was run for a) 10 mln :

< E) * »
o MNERA . ¢ . . - “ T e

* Data.in parentheses re'respectively. .amount of base used-'

pKa of conjugate aC1ﬁ of base, reference for pKa. R
- AN :

_and B) 1 h




o
o

y Co . o /a ' ) . )
o the speqtig/reodrded‘over a 2 hour perlod wHowever,fon e .
- © - e
' S warmlng to room temperaﬁhre,,the peaks ass1gned to“the . |
Te e | mesylate rapldly dlsap;;ared and weré teplaced by, bands-et \‘; «
“ ‘6 3,44,:1.68 and 4,62 p.p.m. (rat:§ 3:632) cqrrespondlnghé;.h" ','5
. :methanesulfonlc ac1d and 1sobu€e?e.o Attempts toalsdiate the

T . - mesylate fromaa larger-scale preparatlpn'were frultless, - .

s = i ° o o

The sulfonylammoﬁlum salts wexe thug found to be ) ' .

a

<

hlghly effectlve reagents for the preparatloh,of mesylate

es ters i

. o ®

C]

- .

Ev1dence for sulfene formatlon from thersalts came

!

from)the neactlon of the. dlethylnfthylammonlum salt (4) wlth

©

an enamlne,

{ r. .

-(2 methylpropenyl)PYrrolldlne (5,

C-

28§

A very

W

modest yield (12%) of the crystalllne enamlne sulfene Cytlo—.

adduct was obtklned even thbugh the n.m.r. spectrum of ‘the

° 9.

t‘z~extratted u51ng petroleum ether)

, - . . cCH

crude product Lndrcated roughly a 50% yield (the lsolatlon'

B of the cycloadduct was made very dlfflcult byrthe formétagg

- . d >
of re51n0us by products from whlch\the addggt had to- be“

Nonetheless, formation of

“this adduct 1n&1catem that sulfene 1s be‘hg generated frém‘

L)

*  the sa;t Whlle thls suggests that sulfene—trapplng i® the o
-(1 .l.

mechanlsm of formatlon oﬁ tne mesylate esters, the alterna—\
tive of a direct- dliglaceQEnt mechan;sm cannot be excluded

- - Ll

. Thls mechanlstic diéhotomy w11} be dlscussed in. greater

-

. deteil below, o ae T : .

SEP L
SO,NR; —» . ——>CH=S05 .

A = 3

direct™
"~ . displacement .
. s

ene o

trapping

.-

;o




34U
- The frimethyiammoﬁium°salt (l) gave°a 48% yleld of. the ’

o

. [B~sultone when: reacted w1th chloral and trlmethylamlne, but

& . .
* only a tracefpf the oycloadduct was observed when the . R
;h d1ethyLmethylammon1um~salt (4)4was réacted with chloral .and e
. - ' “ .
° dlethylmethylamlne.\ Addltlon of , 4 to chlorai. and base gave
> the same resuLts ds addltlon of base to chloral and 4. ‘
o , ‘cc13 -
: + ‘ ~ « NRy L
" —_—— .
. | CH3SOZNR‘3 + cc13cuoo —> [ L |
e e . ° . ‘ - . Ces . 92 - o
e ;v These observatlons corfespond ta the" effects of increasing ¢

] 4 s -~ N

base 512e on cycloadduc‘ yleld reported by Harding for the.
% - PP
reactlon of ethanesqlfonyl chlor1depw1thachloral anﬂ '

e
J '

tertLary amines’ (7). However lﬂ-cannot Be flnltély oo

. S COncluded from thése redults (or those of’ Hardlng),ﬂwether :“ ;”'

- .
° . e

. -, : the B sultpne is formed‘by reactlon of‘%he*sulfeﬁe-amlne - S
! ] i ) N s _. : .

ZW1tterlon wlth chloral or hy reactloh of a. chloral am1ne

14

; ﬁ’zw1tterlon, CCl éH-NR3,

in thls area may shed. more 11ght on this probiem. ) _— e

w1th~su1fene. Furthervexperlments°

. 5\; Y The salts reaqted qu&ntltatxvely W1t§ p—toluld;ye te 7 .

LR - qlve the sulfonamlde, methanesulfbn—p—tolu1d1de, 'Howevér, , .

. - ° L k4

when the.trlmethx;ammonlum salt (1) was stlrred in acetp— '” -

s

", 5 nitrlle sorutLon at room temperatufe £6r lehour fpllowéd_be

-

¢

s .'m ; addlﬁlon of excess p-toluldlne, the sulfonadlde ‘was isdlated’
. o . 13

«

r*~_~*257‘n1y '82% yield, 1ndlcat1ﬁg that‘l decomposes s;odiy in
.. +. solution. g ‘ .. - i' -7 - ) St e i',f

a . : L -
Reaction of 1 WIth trlmethylamlng for 30 seconds ’

oL
& ©

followed by addition of p*toluldlne gaue-only methylsuLfonYi;

. B . ’ L s e .

Y
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N . ¢ . ‘
3 . -
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o

"in°70%, yield, . - o

NH- ,

CH350,CH S0,

- < MesylmethanesulfonJE—toluidide" . ot
.\ < "' : ’ X . ’ -° a‘
However, reaction Qf ! with p~toluidine and trimethylamine

.
- . e . - >

_togeéher gaye a mixture: of the methanesulfonamide.ahd mesyl— .

_methanesulfohamide in the.mole_ratio 2:1. 'When.i was
allowed tQAreacgiwithfpyridiné for 1 minute before addition
U ’of E—toloidine, the methanesulfonamide and mesylmethane;

N l
PR .

sulfonamlde were formed in the mole ratio 5.3; L ) .1' -

e, Apparentry, then, the'sulfonylammonlum salt is Coe
- . - a
moderateiy stable ln solutlon 1n the absence of base.

o

.-However, in the presence of a strong sSe, the salt reacts .

d

to glve the stable, dlmerlzed ‘Opitz zw1tterlon by the L.
‘fc reactijon pathway shown in’ Flgure 2. Even ln the presence

o ,of E—toluldlne,//‘hlghly reactlve sulfene trap (5),» the - - - -

reaction of - the salt ‘with trlmethylamlne to. ﬁorm the Op1tz"

-

V ’ . ¢

zwltterlon qould not be completely suppressed.«

K :
leeW1se, the N~ methylplpérldlnlum salt (2) gave a
. mlxture of the methanesuifonamlde (major)and mesylmethane-
B -SUlfonamlde in reactlon w1th E-toluldlne and-pyrldlne. When

the toluxdihe was added to the’salt after erldlne,
textep51ve decomposrtlon occurred @;th onby a small yleld of

.'thgqsulfonamides belng xsolated., Althbugh the reason for ”,

...—-

f"thls low yleHS is’ unclear, 1t 1s p0551ble that the more

»

o - .. . . N E_— . . .
‘nlk" - e M . ‘ u 7 )‘ R M ' o
. * . ' . « - '
. .
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.

‘reactlve salt 2 gave sulfene- ollgomerlzed products whlch are

_known to be hlghly water—soluble (11) and would have been

lost*onowork-up.'_ I T R : x K
‘The‘Jesults of reaotionsuof tpe diethylMéthylammonium-,.
salt (ij'Qith p—:oluidine in the gresenge of‘various bases .
are shown. in“Table‘li Weak bases, such as DMAANﬁor 2,6-
d1 t- butylpyrldlne, gave llttle or none of the mesylmethane-

’sulfonamlde, while, strong bases, such as trlethylamlne, gave
3

mere of this product than methaneSulfonfE*tofuidide. 4A§k""» -
s N ) L Y - .
with the other salts, the presénce of strong bases has

v

ccatalyzed the formatlon of the Qpitz zw1tter10n in these
“o 9 . : - b : ‘
react;ons.A. ‘

..f While reactlon of salt 4 w1th p—tobuldlne (pKa 5..09)

&
alone gave bnly methanesulfon p—toluldlde, the same ‘ L

reactlon in the presence of pyrldlne (pKa 5.23) resulted in

f

the formatlon of the mesylmethanesulfonamlde (30%)as well
L]

Despite the fact that both p-tolujidine and gyrldlneuare of

. . & . \ X - o . )

.cbmpafabre_basicity, the presence af pyfidine in the

reactiqn solution has had a-distinct effect on the nature

of thé produots; suggesting that pyrifiine has altered the

mechanism of the reaction. TheseﬁobserVations are in keep- .

ing with other reactlons in whlch pftoluldlne reacts as a
nucleophlle rather than a base. For example, p—toluldlne
reacts w1th camphor-lo-sulfonyl chloride or methanesulfonyl

chloride primarlly by dlr‘ct dlSplacemnt rather than

sulfene‘formatlon and trapping .(as'determined by deuterium-°

labelling experiments (29)). A direct displacemnt mechanism’
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‘may indeed account foér the lack 6fisplfenefderived product -
\:,. (namely the mesylmethanesulfonamide) in the absence of a
. éuitable,tertiary base (viz. pyridine) .- However, the extent

- .

of- particiﬁation of this mechanism in these redctions .cannot e

. ‘be "detegmined from these data .since sulfene-trapping by .

toluidine would also give.rise to the same product, &nd, as -

. ‘ ~; mentioned prgviously,,E—toluidinqﬂis a very effective

sulfene’ trap. We may qnly surmise that pyridinefand" .

.

[

strongér tertiary bases caﬁ%ly%ewéulfene formation and

L 3

.o s L. i by . V. ) W .o
concomitant mesylsulfene formation (see Figure 2), better .
than p-toluidiné alone. N 2

L. From these results, it can.be seen that methanesulfonyl-

¢

ammonium salts are pgrticipants‘in a wvariety of sulfene

‘reactions. They ‘appear to bé unsurpassed as mild and .

! “ * -
effective mesylating readents, generating an array of ©
- " -

;mesylate esters, including the very unétable'g-butyl
mesylate. . ) ’ R e A‘ .

Furtbermore, the results are in good agreement with

the reactioen pathways shown in Figure 3.
’ i i PN

o - . 5" . N : N L
. e ' - . FIGURE 3
E B Reaction Pathways of- the Trialkyllhéthylsu;fdnyl)—
‘ammonium_Flugrosul fonate Salts :
L] . ‘ 7 I . ‘ Ll R i -
M - - . ; ~4 .:" Base. _ + v - ) .
s gt it : - .
- CH 50,NRy A *f'f_j-cﬂ25(3|2NR3 — c':r}rugoz + 333 . o
Nucléophiles l . ; : l ) . - Traps .
. Products . "Mesylmesyl" Prodycts .
L J . o . : . .
: cl ' . Products .




v

v L]

. N “_ . - &

" - As the R-groups on nitrogen increase in size, dma'salts

become. better mesylating reagents,rreflegtlng a shift in

the equlllbrlum away from the zw1tter10n towards sultene.
. B Presumably, the acidity of the u-sulfonyl protons on.- :

+ . .
CH3SOZNRj is not significantly cffected by the changes in

the size of R_in goinyg from-l to 4. For a given base

(e.qg., pyridine}J the equilibrium between this ion aod the

zwitterion would be the samé for -all the éaILs. “The diff-~

¢

erences“ih their reactivity, then arises from.the zwittérion

——n
. i =,
s .

sulfene equilibrium, which will favour sulfene.mbre
and more as R becomes larger and the zwitterion is

o '~ destabilized.. Thus, the increasinq reactivity of the salts

from 1 to 4 as’meéyléting yeagents‘confirﬁs the decreasing. =
.o stability of the zwitterion with increasing R-group size, as

predxcted by Klng, Harding and Lulnstra (6). 1t can be

! "that the decre331ng zwi%terlon stabillpy also explaxns why

e
DMAAN was’ ,an adequate catalyat for mesylatlon of l borneol
{'l
bi# a stronge}s base, pyridine,

‘with 4, was required with 1.

.

. » From the formation of "masylmesyl" broducts under

< - et

various circumstances, it woulx~appear that the zwitterion .

»
©

.itsel%'is a goodfsulfene-trappidquagent. Mesylmesylate'
. ' ~ . : . AN .
) A*esters were observed with hindered. alcohols such as’
<P

l—borneol or epicholeatanol The fprmatlon of 1- bornyl
'mesylmesylate did not appear to, follow any trend elther in
thelﬁtrenqth of . the base used as catalyst or in the

reactivity of the sulfonylammon;um salt. However,

+
. . .
.

Seen .

experiments -~ *°




.with’u—toluidinc indicateU that stronger bases indeoed  gave s

“acids (11).

. .
- L

xS S .

=

more of thc mebylmcthanesulfon¢m1dc ag diééussed dbovéu
This 4is the result expected-trum thc TUstIOH suheme

. , o S
(FLgure 3). The fofma&ion 6f the zwitterion fnom;the sdlt
'is enhancéd Qy incrtéses i both base strenth aqg paséuu
concentration.  Stropyg baées.in‘dreater concentration also

2.~S()2 +_NR3

*(stozNR ) to‘give the zwitterién.- An increase in

Q' - - ©
thL Lnngcntraflcnl()f the ¢w1ttexlxn1 relative to the'uulferu;,

- «

- 3

hd ) e . . . - r hd
tavour rccombxnatlon ot sultene with base (CH

trap"will thus result in more sulfene- tudpplnq hy the -

“Zwitterion and more "mesylmesyl" products. ﬁhls was

espetjally obvious in the experiments with p-toluidine. < -
The inconu usii’/enesss,ul the results with I-borneol may have

* . ' -
arisen from he poor, reactivity ot this alcohol as a sulfene

trap. The fate of the Opitz zwitterion as a result was

- . . o . ' . . ' ‘
probably the fo¥mation of=other sulfene-oligomerized products

. . " s 'ﬁ‘
and/or hydrolysis on work-up to give water-soluble sulfonic

»
Il

The prcclsg role of the direct dllbldvemgnt mechanismﬁ'
inm the reactlons of these salts ' is not fully understood

The-fqrmation of.‘h enqmine cycloadduct in@icates that~€h¢
| ' ' ‘ : . . ¥
“Salts “do gfﬁe surfene. . HOwever, the anomaldus formation of -

‘the mesylmethanesulfonamlde when the salts react w1th

» 3

‘.E—toluidine and base suggest thap a dlrcct d;splacement

_react ton of the salts wiﬁh g—toluidine occurs in the
abéence’of gqg}gidnqijp‘ , when only methanesulfon-p- -

toluidide is formed. From the variation in“the product

r

vt




P

1 M ' to. . . '1(

ratio . as the base strength is altered, it is llkely, in®act, -
v

that bdth mechanxsmé are operating, with more bU]!LHO

.

tormat ion® occurring with stronger bases.  1n the extreme,
. 4 M ' v
» - » - ! ' ‘ < * ' ! . . °
1t is possible that-p-toluidine reacts only by direct”
NS i . , .

displacement and that the zwitterion is a- far better

sultene trap than toluidine.—Another possibility is that
e . ) o - 1 -t S
with sta Qg bases such.as U‘ict hylamine and diisopropyl- .

- -

* othy%mmnc,. thu reaction patlw&xy is vnt‘irvly via sulfene )

aml that the pu)du« t 'Lat io this reflects the u)mpnt ition 7.

-

between toluidine and the zwitterion tor sulfene (recall

that 4hese two bases yave identical product ratios when
a7 . - ) - 4

reacted with salt - il_ :md L)_—l()llll'djne-"'l'dblf' 11y.
N ~ a

£

. Unfortunately, thoere does not.appear to be o good test

for thdse hypotheses.  The reactions are too tast to measure

ACLCUr. tuly by Cunvnntlunal techniques. As well, doutct fum-

3

N lalwllu\gm“un s would b(vu,,oloss becausg tiie salts

-

undergo rapid and_" extensivu mulht,iéxchd'f\ge with E—LnluidintrN,#

N-d, , a8 we shall see i;{ the n)llowinq section, Caretully

dcsu;nvd expcnmeni& are x,meded to settle* this problem. . -

.Having estdbllshg‘d by thbSL‘ results that the nu.Lhyl-
. D
:aulr‘oxxyla‘llun()xxi|um fluorosulfonate salts ‘are not only sulfene

!

sources, but that ‘they surpass the meésylating reactivity of -
methanesulfaonyl chloride or methanesulfonic anhydride, the -
" ‘o galts were examined as potentfal intermediates in the multi-

. exchange process observed by King, Luinstra and Hardiné.

) ) These results. are discusped in the ffuollowing’ section.
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C.oo Malticexchange Réactions ot the Trialky! (methylsultonyl)-
) ammonium Fluorosul fgndt e sSalts ‘
, . “.'The methylsul fonylammponium salts, (1 - 4)*werc?
I N - . . -u - * .
hydn)‘lyzed]‘ with deutorium oxiderand their corresponding
tertiary amines in 1, 2-dimethoxyethane (bMER solutiond under
almost identical conditions to*those described by Luinstra
. - ¢ .
for methanesultonyl. chloride (95). The salts were added
- * . , - . - .
. 5017d (becauge they were insoluble in DMI)  torarrapidly.
¥ c M N L] .
?-4 . 14 -
stirred sojution of, deuterium oxide (lerge excess) and the
/ corresponding tert fary amine (e.q. trimethylamine with the
. trimethy lammonium salt) in BME at room ¢ omperature.,  The o
-
- . . ’ : ’ S oas -
salts dissolved almost instantly and within seconds the -
‘solut ions became cloudy emulsions with the separation of a |
heavy layer’ (presumably 4 deuterium oxide solution of.
O . various salts). After stin ring rapidly tor 10-minutes, the
. i . r.
mixtures were evaporated to dryness and the. rcsidu,ﬁ met hane-
sulfonate salts were converted to methanésultonyl chloride - -
by a, procedure described by Harding (7) to facilitafe the
, analysis. The deuterium content and distribution ot -the
« products were determined by mass spectrometric (M. s.)
o N ' l - - ’ . . ' Y . N . +
-analysis, examining thfe methyIsylfoniuym ion peak, CH 33()2
B i . - " . 3 . ! - a
.« (m/e 79). 'Thege results are given in Table 12, )
. . . : . . .
< : : I 2 : ' . :
) ) . In a similar manner, the muftiexchange reaction of the
° diethylmethylammonium sa\@‘ (4) was repeated but with ) e
. : N i "’ s - ’ 3 .
diethylmethyldeuterioammonium chloride (D‘NEtzMe cl, 5 mmol)
-b’ - ) . . L4 : )
. added. The amount of deuterium oxide used was reduced
“ * ¢ : ’

Ll
L~ ; - - B ¢
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TABLE 12 -
*
o % R

1

Multicexchange 4n the Hase-Catal yzed HydrolyGis |

Tof the Trialkyl (methylsul fony ') ammon 1 um

PO o o P luorosult onate Salts in beudterium Oxide*
. . . _ a.:
- - ) . . Total
. . 3 ) Prodyct Deuter rum Distribution (%) (atdm ¢,
. ) :‘Lllt “Base (,‘l‘lJ _ '(‘ll.:‘l: ‘ ) (‘HI)2 (‘l)i S excess n)
’ r
1 nNMe, L3 5.3 . 292 64.2  B5.4
2 MEN(CH) . I.8 9.% 28.4 60 . 2 8.5
— i g 5 T . :
N . ES . - . -
3 NEtMe, e 3.2. 9.9 3 4.7 - h2.2 8.6
: 4 NEUMe 1.4, 40,1 2874 24.1 56.4 -
‘ 118 . 24.2 - 29.5 14,5 62,2
.
* Conditions: su}fdnylanuﬁonium salt (4 mmol) ,':b‘&se"(l()‘
mme 1), deuterium oxide (2,0 mL, 111 mmol):, DME -(30 ml). .

£

A " - .
. I lydrolysis reaction with tadded DNEt Me Cl° (5 mmol), .
oo . ) }i&uterium oxide {1 .97Y\l, 109 mmol):

o ' 3 . -
a
. s [~3
»
e ©
>
. v
'
2 < d. o
- -
[ 4
A
L4 R [
. . -,
v .« . -~
-’ .
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proportionally to maintain the active douterigm pool A “the
same concentration as above.  The producd wis analyzed as

ety
* - . .

o . ' ‘ . . . .
desceribed above and the roesaltys are included in Table 12,0 - .

'.’I‘h«‘- ~pYY tine-catalyzed hyda alysis ot the salts (1, 20 - s

and " 4) 1in deuterium ()xiduﬁuluf 1on was also gstudied, The '
- . g J e e .. .
Salts (2 mmol) were added to g stirred solution ot pyridine
on (% mmoal) in deuterium oxide (large excess). Atter stitying

3 o . '

at room A ('Ill})(‘l""it ure for 1H ll\illut(f.‘i, fhl‘ Il\i)(‘ Uress wesl ¢
< A 3
. R . . A

cvaporated to dryness and the residual methanesultonates

- <

, L]

convertad to the sultoiy!l chlorides as deseri hed above,

The, product s weye analyzed tor deutetium (mos.) and the .
» N . . . . -

resulty are summarized in Table 7130 In addition, the

© pyridine-catalyzed hydiolysis ot ot he ddethy Imethy Lammonium

salt (4) in deuterium oxide and DME solut ion was pertos med
n undet i(lela’eica-] conditions to those described above (of ]
Table 12). 'l‘flu_se results are also given in Table I3,

Final ly, the reactivn ot the salts with E“U‘",l uidine-N, -
Jj-gz ‘was investigated. The salts were dissolved in aceto-

Y

Nitrile and added tol a ’)'——"fold excess*of dideuterated B

toluidine .in methylene chloride solution. After S minutes, de

- : the mefhanesul fon-p-toluidides were isolated, ‘purified and

analyzed for deuterium (m.s., n.m.r.). The extent of

>
.

gehter-iuminpxarpbratioﬂ into the 'sulfonyl methyl groups of -

the products is summdrized in Table 14. Also ligted are the

results of the reaction of the diethylmethylammonium salt

s

(_{l_)-QiLh a 1érge excess (37:fc31d) of dideutergted. {ocluidine,

g\. 2 " < ‘ - ) . : .

- . o -
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‘2 - TABLE -13 IE '
. . . , - . ‘ - A é
’ Multiexchaﬁbe in'the'Pyridine—Catalyzéd Hyd;dLysis.
of the Trial¥yl (methylsulfonyl)ammoniur .
o Fludrasulfonate Saits’iniDéufgsium Oxide* ’ .
\ E3 ) [
.. R ) o° , Total . _f
. * .Product Deuterium Distribution (%) (atom %
Salt . CH 'CH,D ~ CHD, 'CDy ., exces& D)’
- .—1 —— — .
Ce . o N )
1 2.8 .- 7 2.5 9.0 "86.1 92.9-
z ) _ :
2 0.1 0.9 8.0 91.0 . ?6.6
4 1.1 4.4 . 12.5 . - 8l.9 Q.7 gt
ol - : : ’ ‘ .
. S : : - 4
e “ - T -
W 14,2 48.4 27.F - 10.3.° - _ a4.5+ ¥ .
- ‘ L~ : - *
. | o T : Tbl i . . . .
* Conditigns: sulfonylammogium sa1t5#2 mmol) , pyridine .
S (5., mmol), deuterium oxide (5 ml). ' - .
"+ Conditions: sulfonylammonium salt (4 mmol), pyridine YA
(10 yjamol), deuterium oxide: (20 ml, 111 mmol); DME e o
(30 ml). =~ . R _ : .
S . ) ‘ _ ] , -
O . S 3 oL e
3 A B . Y L A." )
' "' “ l )
i 2 4 . . -
. 4.. - - . ~ . LF™Y
7 , e
- . L~/ ¢ / v ¢ w
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e Comparlson of the Tesults in Table 12 w1th those for

o

-methanesulfonyl\chxorlde (Table 1) reveals\that'for.a‘glveh
‘tertiary %mne base, the sulforﬁylamon‘ium salts Lmderwent

hydroly51s w1th consaderably more extensiveée multlexchange

than methanesulfonyl chlorlde.‘aanetheless,~the'salts

_pararle%}ed the behaviour.of methanesulfonyl chloride in °

>

" that bulkier amines (or saits with sterically lafgér,

3

ﬁﬁgroups on mi

L4

-ogen) gave lTess, multlexchangé ‘than less

hindered amings (pr saltsb. -
) *0‘., . 5

These resu s are Cthelllng ev1dence forn the 1nter-s'

& .

medgacy of sulfohylammonxum salts and zwitterions in the
-, . T, 4 = ~ ]

multiexchange reacthns of methanesulfonyl chlorlde and

- . conflrﬂfthe multlexchange mechanlém postulatea'by King,

Lulnstra and Hardlﬁ; (Figure 1), " . ) o
. : N :

° It ie Aot unreaé?nable that the -sulfonylammonium salts

,’;J .'éaye more extensivé multieichange than methanesulfonyl

) W{;chéortde:» For one tding, ﬁethaneeolfonyl chloride reaots .

O S thh base 1nbt1ally’to form sulfene which can elther be

trapped out. dxrectly or react” w1th base. to form the

< ® ~ o

witterion. The salts, on the other hand enter the mulpi—

- B M

v o
= hange manlfold dlrectly by glVlng the zw1tterlon 1n the
“flrst,step. .Because Fhey do not nge sulfene dlrectly, then,

ar .

. . . the salts can undergo more extensmve exchange.

.

o,

’Q ;' Another reasén for, thelr enhanced multlexchanqe ,b
- ? RN
ab111ty is- that the’squonylammonlum»salts thM~the

.- -




A . ; -
,‘I/%lorlde counteranlon (22) . The fluorosulfonate anion is
»

~f‘ leSs nucleophlllcqthan chlorlde 1on, resultlng in less

réaction’ of the anlon with the sulfonylammonlum ion.

©

Reaction of: chlorlde ion with .the sulfonylammonlum 1on

o
@ <

would generate he sulfonyl chlorlde and this would

. a

’ react to glVe sulfene, and sq. forth. . : -

o / v . . -

B e . S -
CH3502NR3 + Cl~ r——-iCH SO Cl Ad NR3——ﬂ—+ CH2—SO2 + ﬁNR3§1
It was expected tbat‘B&daddition of QﬁEtZMe Cl to the

hydrolysit reaction of the d{ethylmethylamﬁdnium'salt (4),°

the extent of multlexchange would be enhanced. The mass-  -°

action effect of ‘the deuterium chlorlde salt on the

E equlllbrlgm between the sulfonylammonlum ion and -the
zwitte;ien wou}d'tesult in less decomposition of 'the . : -
"zWitterion’to sulfene and thus an enhancement of the multi-

°

. exchange,' . . e - . -

.‘ N ) 3 . +' .r N N _ . B . .
- A ‘ . + - .
, CHySO,NR, + NR, ~—==> CH_SO,NR, + HNR, A )

oL S ofr C1 . -

. B
* .
. ; - a

In ‘fact, a net'increaee'cf'slightly less than 6 atom % .~

- exdess deuterium was obséfved'éiong with a redfstribution“ofhg

the deuterlum - The amount of monodeuterated product

.. decreased by 16% while the trldeuterated product 1ncreased

by 10%. The dldeuterated productwgmeld was almost .

: ﬁnchanged but the amount of npn—deuterated materlal

£ * N

actually’ 1ncreased by over 4%.

.
s .
e > < . . s . .
. - ‘ P . .
.
3 0 . .
4 . . . -
f . <. .
. . N . . - s .
N . . . -
v . RN N N “
N . . N - .
. . . .
’ .
.




- A - .
The rather low net increase in deuterlumccontent of

,the product along with the ‘anomalous.incréase in-non-

” %
'deuterated materlal suggests that the’ addltlon of the

~
-

denterlum chlorlde salt has had a’ complex effect on the

multlexchanqe mechanlsm. The . lntroductbon of chlo;zge; on
to "the System probably offset spmewhat the enhancement of
multlexchange by adversely affectlng the stability of the
.zwitterion. | ‘As well the increase in non- deuterated product
ylelé suggests that a. dlrect dlsplacement reegtlon has» .
occurred~1n~the hydroly51s of the sulfonylammonlum salt.
_An lncrease‘in‘non—deutereted‘proouct‘from a sulfene ~
. mechanlsm alone could only'result from a cons1derable
dilution’ of the deuterlum pool, whlch Was,not the case
-here.# | —

It 1s-1nterest1ng to note that as‘the size of the
N—alkyl groups on the salts 1ncreased from 1l to 4, the
. amount of nonzdeutetated product'also 1ncreased.; An
aneloéous effect was also‘observed;for methanesulfonyl
chldride kTeble 1). The’increases .are too large to be
.explalned only by dllutlon of the actlve deut;rlum pool
'pedklcularly slnce the pool is dlluted less and less as

o~

we go from salt l to salt’ 4 because the extent of multl—

exchange decreases.- We would predlct then, that the
yleld of non-deuterated product would 1ncrease<very llttle,

-1f at -all’, 1n-the€Fsame order 1 to 4 1f the products arise

~s

tsolely by a’ sulfene trapplnq mechanlsm.' .

e .



B

&

This anomaly suggests that some of the product arises

via-a direct displacement hydrolysis of the sulfonyl~

ammonium salt (Figure 3). Furthermore, the amountlof direct
dlSplacement appears to 1ncrease, relétive to the amount of

sﬁifene_trﬁpping, as the reactivity of Ehe salt increases.

-

In the absenCe'of base, both ﬁethahesulfon%:>chloride (29)

, . [ . . .
/mﬁfamethanesulfonic anhydride (30) undergo Mydrolysis by

T

direct displaﬂeﬁent. Ne ,deuterium is incorporated.intp the

u—splfonyl methyl group when meeyl chloride is.hydrolyzed.‘
in deuterium oxi@e,“precluding4the intermediacy of sulfene

hd

in the reaction. ; - _ -
'ﬁowever,'the observation of‘z{;:f;;cant amounts of
non-deuterated product in. the base cqtalyzed deuterluw
\ oxide hydrolysis of mesyl chlorlde in TabIe l»(up to 946%

for trlethylamlne) sugge-sts that a direct dlsplacement '

f:mechanlsm may part1c1pate to some extent in the presence of
base as well. Dllutlon of the 1sotop1c pool as the reaction

proceeds.cannot»account for so large a yield of non- , .

-

M .'l - + ! 4 . ) -
deuterated product, even assumyng large lsotope'effects.

There exlsts, then,‘the intriguing p0351b111ty that dlrect

ﬂlsplacement 1s a competlng methanism w1th sulfene N

> k-] ‘

:formatlon in* the base- catalyzed hydrolysis of methane-

.sulfonyl cthrlde _ Moreover, the data 1n~Table 12 suggests

that direct dlsplacement may be qp 1mportant reactlon-pthway

for the correspondlng hydrolysxs of methanesulfonylam:%nlum

£ »

salts as well.

£




- - . _ . '

Do

- The hydrolysis, of the 'salts in deuterium oxide
. : e : T :

solution in the presence of pyridinef?esulted in Véry’high ,
N ' . « - i \ ! N R )
levels of deuterium incorporation,, approaching complete | - './/,\
- : : N ¥ ‘ .

LT . - L3
multigkchange. The products caentained over 90 atom % excess

déuteriUm (Table 13). This extent of multiexchange .appeared o
L
to be a levelling-off éffect as there waé no apparent t¥end f f:g? T oege
parallellng the increasing react1v1ty of the salts (1 - g):l {
B When the hydrolwsis of 4 was run in DME salutxon‘w1th ';_fmj'
pyrldlne, the deuterlum—lncoxporatlon level ft}l con51der; ‘oﬁ/
.ably, indicating that the high'Ievels obsérvéd without.DﬁE_ i j .

3

were largely due - to the h191 uoncentratlon of deuterium

D ‘ -

oxide. Hydfolys1s of -the salts in deuterlum oxlde appears .

to be ap excellent’ route to perdputerated methylsulfonyl

]
-

compounds. .

. -

Extensive multlexchange was observed in the reaLtlon
.

< of the salts w1th E—toluldlne~NN d2 The dldeglerated

toluldlne'was prepared by- washing an orgamnic solutlon of

3

E—Lpluxdlne with several succe581ve portﬁbns of deuterlum .

oxlde, and was assumed to be at least 95% dldeuterated (no

'ﬁ;hydrogens werg visibie ip~the n.m.x. épectrum), Compar- *
ison of the results in\Table.é with- those in Table 12

ré&eéis~that the reaction 6f thé'salts with tol;uidihe-d2
'<resulted in consxderably less multlexchange than w1th

deuterlum oxlde, although i both cases -the same trend was -

- oo

"t observed,;@ecrea81ng multlexchange w1th 1ncreas1ng N-alkyl

%

Qroup size.’ Partlcuiarly notlceable were the hlgh levels
‘of unexchanged~product. o B @ -




5

»
¥

. ° ~ >
.~ product when the concentr

, " Amazingly, ,increasing 'the mole ratio of toluidi'ne—«_l_2
. R : , A . .

to salt 4 from 5:1 to 37:1 Gibd not result in an-increase N\

nbt Jauterium incorporation (32.6 dtom K excess deuwterium

. . . "
'

in both cases). The major effect was a reduction in the
amount of unexchanged ‘produot frOm'34% to 2ed and an

- o B

-1nc* *ase 1n monoqﬁphanq;d—product from 42% to 544, The
lgvels of:dideuterdted and trideuterdtcd'producgs decreased

2% and 3% respectively, Despite a 7-fold increase in the’

b/n ratio in ghe'auldye isotope pool, the amount’of non-
.’ . . o
4 L4

deute rdted produgt was still exte anVO. This confirms that

1
the non-deuterated product does‘not ariseg so0lely from
F . .

e o

‘protium in the deutérium pool, "and suggests that product

formation proceeds to x large extent via direct displacdement

) .
by p-~totaidine on.the salts.

-

- .. o x

- N N R ) N - i U . ~
The- substantial lncrjuschln the level of monovexchanged

. -
Exon of toluxdlne—d was

° ,‘! .

increased, particularly in light of the decreases observed.

in'do-‘, 9_2‘1 and d iroductb, lx’cateb that multxex;han«;e
has "decreased "and lmplles ‘that the: amount of sulfene

. R 8
trapping Wand,'hence, sulfene:formatipﬁ)“hds increased., A °

'péssible rationale for this isAthag_with an increase in the

- 'A’V . - ] '
*base concentration (toluidine-gzﬁ, the equilibrium between
* the sulfonilammonrum_ion and the zwitterion has shﬁfgédf

tewards the zwitterion and this has resulted in aJ

/.
. . ~—‘ /" i
extensive amount of sulfene formation. . ‘ L
+ base _ .
. NR,—s=—=—"" CH SON 'FT:CH “-SO + NR_.
o CﬂasozR. — 2R 2702 7 :




Jhe decevase o switterion roprotongtion tol give exchanged B

“other mechanisms,s tits ready Iy tnto the sechanistic schoeme

T tions opserved experimentally for both the U)U/NR3
. R ‘ R . 2 :

*

sultony lanmonium 1on would result in less di- dnd tri-
. 1) N - N .
N . : » . .: * ®
deuterated sproduct  tormat ion.  ikewise, the towen
. t .
concentrat fon ot suwltony lammonsune tonwould tesult in desss
- . -

v © -
.

drrect displacement "and less non-deuteratod ploducet,  as

e

observed. o This explanation, while not immtended to exclude
& . R . . [} s g

“
. B v .

which has been pestalated o lacttons ot the sultogry les .

v

cammondum salts (Frguae 4) 0 N . . . ‘ .

@

The ccombpred 1eartion Sicheme mvolving otk direct "_ .

1

~displacement and sul fend trapping ise-shown g fiqure 4. ~

- . . .

. ’ " - N L "
1t the pyeudo-tipst-order 1ate constants (MF were hnowa s

it would be possible to calculate. the proport tons ot the

i)l’pdm.,‘t-‘s (d,,. g?l, «’l: and d ) to be expected trom each s

swlitonylammonjum salt using this scheme.  Untortunately,
. . ]

these rate constants are not Kknown. However, 1 we are
Ce ' - . .

allowdd a tew assumptions, the scheme may be simplified &, \”

..
. -

somewhat , allowing.us to @afculate the deuterbum distyibu- o

¥
L}

° . .

hydrolysis reactions and the p-tolurdine-N,N-d, experiments.

v
.

The assumptions are as follows:

1, Dbeyterium isotopé effects §or {hw exchange ruéctiohs . o
ate assumed o be small and mayvbc ignored. l-'ience, ) ?x‘s .

ky = ky = ke (Ehe'rate of pfoton ét deutefdn upéake by the .
zwitté;rons and k_y = k;D = k_, (the rate of prntux“ur -
deuteron, removal from the sulfopylaMméniumﬂipn)l | -

-

» ‘ . e
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* Pate constarnts
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L gin]

. RN . . ° - . . :
<o The equidlibniuneboetween the swittorion and sultone,

. e, . -

CHOSor NR N U805 s assumed to b very Lt
- . L - : e -

Lol lowing us Lo represent the-sultene tYapping slepran a

el

. [ o .
tom ther swittoerions

Single Process |
. . o

=X e FHON

-

C Lo X

- -

Shes doon not amply that, saltene g not present ) buat
merely intended to smmpluty the caleulat rons, .

Voo The patio ot deuteritum to hydiogen tn the active phatope

. -

. .

pool (- [l\] . [H] ) s assuiied Yo obho o constant tor the darat yon
. Lo e Jt ' ) .
Ot the teact ton., Vilues of nowere ot imataed trom the tol tow-

-~ - N

P oquataons:

() tor deuter tum oxide excirnges:?

~\ . B .
\ ‘ 1
- .f.‘ ~ Tﬁn‘cx l -

1 T L v DS

Lo *'TT}U X 12

°

L. . < . . :
where 222 _ millimoles ot active deuter tun

Y

- spercent exchange of  sultony bomethyd

hydrogens (total ot 1. nmol)

- ' o o .
astimated millimoles of active hydirogen

Tfrom stray m(Hut“u;_ﬁn,' (at:g'; (t% ot aclive’

s

deuterjum)

- °

(LY  for thuluid'ino‘wga oxchangag:




v

where 1o cm b Hipoles ol et bve déuter bum
) C oy o« . ou

(IS mf] Limoles of active li).c.\'h;()\]\‘n
(assamingsp=tolieidine s 954

dideuat e :ll,(‘\l)a
. .~ .
‘bt‘l'\‘t‘l\"‘

e

exehange ot sulfonyl methyl
@ : »

.

P hydiogenss (total n'!, b onmol) .
% ’

-

oo A deuterium rsotope ettt ect ol )\l—l’k” S s assumed ton
Il ' - .

the sultens trapping siep. Adthough ittt le 1s known about

the mechatism of sultene tfapping ot deuter tum bnotope

atfects tor ths procesns, recept "eXper iments tnvolving

.
u

trappiog ot pheny Psulfane with isopropanol or-Saktgue with

Al . . . -

u-wuhxniilw CIY Ssugagest that thissvalud nay be g reasonable s

.

¢

@ : = )
crlgmate, ’ . . ¢

Mhese amxumppt tonsd are consldered tor be ovalid tor a

0

semi-quant tlative Bvalugation ot the u\‘_rh.m.\,:n e scheme

-

. e 7P . . ’
shown in Figure 4, “Fhe simplat 1ed scheme based on plies
- . 3

. . v o ) ) e ..
assunmpt tons 15 shown it Prgure 5500 FPor the given value ot

’

' . . <r_. .' . » ‘“ . ’ . . ) -
n"tor eaddy salt, the g‘ai.lg).\i kK *"’k‘l' (ratoe ol swittoraaon, o

v
o

protonation/rate ot ‘salt one trapping) and ko ,,-"kN (rate ot
s . - . . o ¥ .

o -

b

. ) ) . -2 ) . R ; . .
sultonylamnmonium ion deprQtonatadn/rate of ~divedt displace-

N ae B N

ment reaction) were Varied Lo i"ji\{v as qouod an agrieement as

o

possible between the derived values of g_( ’

LR

fl']- " g‘) | and «_1 "‘ :

(%) and those determinod. oxpes imentaily ,(Tabled ¢ and 8) .

PO T ) © ~ L )

As an example, thae calculatlion tos dhe. l)z”(-)/NR y hydrolysis
T % . L0 R - ! :

v
.

S ot galt i (n":'—f 17) iu showh_.i.n-l"‘i’gd're 6 tor the optimized |
e s “ T T " P Lo PR

values kv/kfi"um 22 and k._(;/kN‘ ~F00, The. calculatiang

wore carried-out as tollows: . Y. -

-~ B
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By sottinqotho L_"Jtid k_e/kN,' the numbeyg of molecules of

. : , o o . »

.-'\3 qoing back to 7, (Figure 5) will be proport#onat ‘to-the
~ L 2B ! N -» .

(] L 4 . '

number ‘ot :‘\3 molecules andergoing react ion” to give '513' ‘

It the n)L'ix‘uber o® mo.locul%s of dybeing formed is 100-

. 2

Ls. loss of deuteron t(s qxvc back the rw1tt0110n) will be

e s S

thl ari 1}) . then the numbe of ‘\A3 going bdck to 2, (that
L

4

q.i.!‘cn by 3 x (k. p/k Yy x 100 7% x 100.x 100 - 30, ooo. The, -
~ - - Sun -

é ) : '
L . . . . X
nufmBer 3 @ ses ‘Som the taet that ,'\3 has th"ec deuterons,
' ‘ . . :
any one of which could@ce lost (that is, a statistical
®e . ' ) ¢ .
tactor). - 11 we fssumg, t]mt there i1s a steady=state

ce‘r’nteﬂ‘t ration. of A'j, -thon the amo'unt of, A, boing. £Qrmed

. 3

Jrom 2 mu\ot bu cqual Lo Lho amount o:»! 1\3 bLln‘g consume

L

“or 30,000 + 10Q 30 100 nolcculoéq Figure 6Y%.
) o ( '
The nunber of- mol‘ec les. o.ﬁ 2. orpa,cting to give

.
'

- . - N ) - . T 'a“ . »
.@,ul{oho—trapping products (d,.and d )a.ca‘n_ be. derived from
. . (% B S v o

> the dt in k /k , 22. 'Thus, Lhc number o{ molq.,ules of

< -

o

pi’z)dmt is, 30, 100/1\ /}-e

"w\/ , \ -, -
duutorlpm Lsotopc* o f cht fox sul fene trapping and , - 17
- . . - .

r ,3-6,100./22 " 1368, Applylng the

.. ] = .
(ihv‘ratio of deuterlum h °hydrogcn), thesc 1368 molecules’ ,
. L 4
S y ¢
ccan Be propurtxoncd to qxve 1224 moloculeq of d3 dnd 144
.d'
e

- -
5 H,cncp, {he Lotal ndmb:_r of molecitles of d .f‘brmeci is .

‘v._ . 3 xﬁ
4 _ . S : - A g S

[ ’ ‘e

The number of. Z2 molecules -which pick up -a deuteron

to, ngo Ay was dotermxned to be 30 100. Hence, the number
.p:.cklnq up a proton to nge .back AZ is given by '30,100/}1 -
mjol_ec_)ul'es"l'osi‘ng a

L

230,100/17 . 1971, 'I‘he number%f A,

L4 -

. ]
e

D




_being corsumed, or 1771 + 1368 + 30,100 - 30,000 = 3239,

\pack Zf.will be twice the number of A

. L — D6

-

‘,§roton.to give Zz-willybc.équal to the total number of 2 ' -

-
L]

q(aqéiﬁ assUmihg'a steaHy—spatb condition for 22)'
The nﬁqﬁér of A mBlecules losing a déutercen to give -
’ 2 SERIEE AR g a ren .to g )

. Ed

5 losing, asproton,to

give'iz (since thereiare two deuterons buft on. onF‘prbton

. =
* . . »

wﬁiéh,can bé lost froﬁ;Az, and assuming no isoﬂqu effect). .

i . - . . - —~
bate . . -

-Hehdéf-Az » 2, is given by 2'x (A, » Zy) 2.x 3239 - 6478. T

1 -, . o2 T2 .
) s, . ‘ . . R . )
The number of A2 reactihg by displacement to give gz\cqn‘now

.be.determined using the ratio forrk_e/k - Thus,-h2'>.d is . i ’

A ) .
6478/2k' /k - 3% (as before, the nmber .2 is a statlstical

factor: arlslng from the fact that Az has Qwo deuteronq ‘to

"be lost to genérate Y/ ).-‘ - '_ . d - ‘ ) . -

-

. Applylng the steady—itate approxxmatlon to A2 the: f

numbc: @f’A moleculeb being. generated troth: 7. by p1Ck1nq o _j

L

up‘a~deuterph ‘will be equql to’ the number of A2 molequles

béiné con%:med) or 647831 3239 + 32'—‘;771 = 7978, The = e

number. of 21 being trapped (via sulfene) to giQe 91 and 92
X Afnhal - ) :

- can be ¢aléULated'in_an;anal@gous manner to that uéed-for,‘ /-

) S . C . . 2 : 7*3 . {
Zz. That 1%,.21 .}gl-+ gz) 7??8/ké/kT‘ ‘7978/22 - ;63.~ .
Proportioning tﬂiégbtheen d; -and gz gives‘gl"é 38 and d, .

“ 325. . Hence,.the tétal number of d, moiecuigg formed is -

" 325 +%32 4 144 -~ 501. . S . o -

- ;. . A - | PR
~ Thé number of zl'moledules'which picked hp-aodeuteron_

R . ‘.

- to give A2 was 7978, so the number of 2 -pxckmng up a - B ) yo

}
.proton to gmve back Al will be 7978/n - 7978/17 - 469.,

4+

. - -
. o’ 2 - - L4 s N ) '
. . (-',\' . ) ) . . B

v : . ™ ’ . . C e : RV { °




. . ’ . . . N LY hd ° .
.“ b .

" .« Furthe re, the number of°Al 10sing a proton tb‘giVé Z

: ) 'WLll be eq al to the number of Zl being Cbnsdmed (the stegdy—

~state apprOX1mat10n agaln), or 469 + 363 + 7978 - 6478

2332, " . o .
o ’ 3 -

The number of A L051ng a deuteron to give back Z

>

Wlll be ‘half the number losxng an probon to glve Zl (since

P

there are two\pgotons and ongy one deuteron which could be

H

lost from A Hence, A - > Z_ is given by 2332/2 . 1166.

From this, the number of Al giving d1 by dlrect dlsplace—

1
‘1166 + 12 + 2332 - 469 -~ 3041. The number of Z belng

s ment can be calculated as 1166/k__/ky 1166/100 - 12 - e~
.- L : . < - - .
. The number of Al.befhg~fprmed from Z w111 be the same "H
asJUﬁe nqmber of A being consumed (steady state),.or . .

v

A trapped (via sulfeﬁe) to give g and d is given by °
3041/k [k, ~ 3041/22 138 Qﬁiéh,cah be proportioned to
. ’ . ..
- give go = 15 and d " =.123. The total number of 91 formed

-

'is thils;123 *+ 12 + 38 = 173. -

The n@mbér of 20 moleéulgs which piéked up -a deu;e{og

’\/’*/(\ rto:g}ve A, was BOil.~ Therefore, the number of .2, picking

ué a Q;otdn to g;v¢ A, w;il p9’3q41/n-J 3041/17 - 179. As‘ :

wglljgthe_ﬁ;ﬁber of Ao:igsipg avprotonwto_gidp 2, %&11 be

éQUal ;q the huﬁber of 2 béing consumed %Steadf_staﬁe),‘or"

P f;9‘+ 138 + 3041 ~ 1166 3 2192& Finally, the number of Ao b
reactlng by - dlrect dlsplacement Qo ine 96 ill be 2192/

3k /k. = 2192/300 - 7. Thus, the total number of d

‘e ’ v’ v - « N . A . I ] oo . 4‘.._0 .
_- molecules is 7 + 15 - 22. ) ;) ‘
e ¢ - s
— » Y ! ¢
N
o - ¢ 1




‘for the.deuterium-distributiopé. In order to verify that

)
“scheme which has been proposed.

The distribution bf molecules 'is, thereforet

I3 - < " i‘
- d © 22 T -1.18%) . T A
,.\.O . . X 3 b
\ 4, 173 L 8.6%) Lo
, od, - 501 ( 24.8%) ., )
. . d . ©1324° . ( 65.5%) '
; =3 TR .
¢ * Yotal 2020, (100 %) CE

The other calculations for the various salts were carried
out in the same manher. )

.. . '
Comparison Qf Tables 12 and 15 shows moderate to good | -

‘agreemdnt between the expefimqnta} and calculqted values

the sulfene trappiqg‘or direct‘displacément reactions alone

- & ~ .

would not Jive as good a f%t‘as‘;he cbmbihed mechanisms,.

the calculations were also pefformed with either ky = 0

(that is, sulféne_;rapping’only) or Kp.= 0 (direct dis-

placement only). ;Thesefresdlts are given 'in Tables 16 and.

N s . . ) Y .
17.° Inspection:of these cal@ulated distributions confirms

+

‘that neither sulfene trapping nor direct mechanisms alone

*

can adequafely generatefehe}deuterium distributions ' -
obseérved experimentaflx*using'the simplified reaction :
) . L . e

[ )

N L _ . K
This simplified reaction scheme was also used to

<. , -

§enerate caldulated deuterium distributions for:&he multi; 

ekchangg of mésyl chloride during deuterium ox}de hydrolysis.

(Table-1). Some modifications. were necessary since mesyl .
. = \‘, 3 ‘ ®

chloride réacxs‘£§ give.sulfqne initialiy, some of which is

frapﬁed But“béfofe it can form the zwitterion. 1In order .to.
. . /

.
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TABLE 16

Calculated Deuterium Distributions for Mu}tiexchange

in. the Deuterium Oxide Hydrolysis of the Sulfonylammoniuq

r " . g Salts‘Based on,.Sulfene Trapping (kN - 0) )
L e Produét Deuterium Distribution (%)
B
1 17 20 7. 0.7 8.8 24 .78 65.7 -
' 2 8 14 0.7 < 11.5 27.0 60.8 -
3 18 ., 9 1.2 16.0 30.0 53.3
‘4 24 2. 3.3 * 42.6 33,8 20,2 -
22 4 2.3 28:3 . 33.5, 36.0%
: ‘ .
d . ‘ "‘-
s
. TABLE 17 ; ..

A

’ - i T .
. ‘Calculated Deuterium Distributions for Multiexec

o !

hdange

> in the Deuterium Oxide Hyérofysis of the Sulfonylammonium
~ ’ o

A\;f ) . \

. : (L%
A s

Salts Based on Direct Displacément (kT -, 0)

¥ P : o Product Deuterium pistribution'(%)"
- ogsalt . on Rk b 3y “ﬁﬁ
Ll 1 17 4. 8 4.1 7.4 20.9 67.6
, 2 18. 5 6.6 ~ 10.2 22.9 _ .60:2
: 3 18 T 3 - - 10.8 "12.7 25.5 49 +0
e “d ‘24, 1 26.0 26.0 '25.8 22,1
.al : ' . ' . . t e r . .
AT .22 1.5 o 19.2 21.4 269 . 32.5% 7
D T v
* Multiexchange of the diethylmethylammoniuhm salt (4) in
" ‘ - ' + - : - e ‘ ’ - - uo
the presence of DNEt,Me Cl} .
s ’ g ‘ . ‘ ,‘ )
- 1';' " ¢ - s
&~ b N
. , 1 ‘
“‘] . -




°

.

account for this, another parapeter was .de

tined, namely”

ky/kT (rate of"azwitterion formation/rate of sultene

“trapping): : ’ ‘ : '

. ) - . -+
¢ , o LH:bQJNR3‘ {.

. ' A -

.o LT CH DSO N

LI N ' ‘ - .2 “
; ' »

‘As well, sipce the initial .concentration of protium in the

¥ 3

active deuterium pool wgs very - low when this initial sultend
' - -

. Y

trapping precess was occurring, 'the 1thitidl ratio Of active

. [ ' .
deuterium to active hydrogen, o, was set at 110
: ) o' . cT

. ~

(corresponding }0'1%'hydr0qen).-5ﬁhe deutdriam-distribution
tor the fraction of the SUifene‘which‘was trapped by amine

. Scheme (Figures 5.and 6) and thé.results

e

are yiven in

‘Table 18, | ' o ‘ T . ,
' The agreement between the calculated distributiohs in

'Qabie 18 «and the expe;imental results in Table 1 are

-~ 4 .

excellent, suggesting that methanesulfonyl chloride alsd

undergoes‘base—cétalyzednhydrolysis according to the -
! ] ~ . M -

proposed reaction scheme for the sulfonylammonium salts. .

-
1

It is interesting to obgerve that the rafio kZ/kT'fa11s

progressively-as the steric size of the base increases, as,

do - the ratios K YkT and k e/kN. Thege are precisely the
* . e . - . . .

-
s

- . 3 .
" .

-

to yive the 2zwitterion was theq‘éalculated according to the _
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. ) K : : !

t r'x,{;\d:a predicted by tha theory ot awit ten o tomat ton and
. T - . «

K 3 - v g

st abhilaty p.fo;msod by King, Lutnstia and Havding. -

~ e
h o Y.

The catcubated deuter tum distiibutions tor the ,
products ot the reaction of the salts with p-tolutdipe-N N-dd

.
.

. . © N B ) . Coe . e . '
cooare summartzed Ton Tables 190 - As jwell, the \;z':ml( so.0f the
. \ e ’ " ’ N . e '
Saldulat tons based on sultene trapping ot dtrect” drsplace-
. . , 1 - ‘ ‘ ‘ .
Swment oonly are Pisted tn Pables 20 and 21 vaespectively. .
' . By 1 ~ . »
pdgoIpat tson ot Lhe results with the expormental data
. ‘ﬁ‘?‘,\hlv LD again shows moderate to good aarecugnt tor fhe

.

- distributions cateuwlated trom the cmbiained sultene ty dpp\im -

and-ditect displacement mechanisms,  The caloulations  based

- - . . *

L - o . . . .
on sultene trapping o direct displacemngiets alone dud not
’ ~ } ’ )

Jive 4 conststent cottelation with the expetimental data

[ 4

o altl the salts, -
In Light ot the simplit feattions and assumptions which
have been made, the combined mechatisms of sulfene tiapping
- L) -

.
.
.

cand ditect displacement have pi nv\*ﬂ A good semi-gqupantita-
. ' ’ ., 3 - . . °
tave Correlation’between calculated and experimantal
- . . ‘ . - . "
results tor the multiexchange phenomend obseived for the .
e a o
sultony lanmoniim salts. Netther sultfene tirapping nor Jdiret
. . . R - [ ]

displacement alune accounted tor the denterium distributions
-] .

~ot the products observed expaerimentatly, - T R

Rapid ro«).l\\:n,iu?\'of a tw\vu—pl\dsé system Jduring the multi-
xchaluqe' .redctiuns ot the salrl’u 1n D 0dbMm w:a dlﬁ\-{
. . o - ) Chs . .
: nba;.a‘x.v'esj w'@gl\_ u\euxauea\il‘ru;‘wl c‘hlm'id; (D) ’ ‘L‘hi? phdnvm'ex.mn
‘iaﬁappax:entl\‘ a s-a'ltixtp-out et fect hy"‘ wh'\bl'\' wat er mn'leclees

.
\

I ‘«‘ . ' I

. - . .
‘ -.r . - ’ ‘
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a-Hydrogen Exchange«fn.133~Dihydrobenzo[Slthiophene 2-Oxide

a

Introduction , . R
s .

‘bulfoxxdes posseSs a Lotrahedral geohetry with a hlgh
§

Barrler Lo mV\zrs«xon (35 42 kcal/mol (32)) and are ‘there- ’

-

1orc pouuntlal y' opt;cally actlve 1f asymmetrlcally~> ¢

Lo

ca T bubstxtuted (33) Thus, the hydroiens oﬂ an = sulflnyl

Gmot‘nylone qroup, RLszOR‘ are . dlastereotoplct and,; hence,e\

i

‘may ‘vary ln‘rcactlv1ty. .For - eXample, u—sulflnyl methylene

S hydnoqcns vary signlflcantly 1n klnetlc acxdlty (34 38 ¢
..\4053) S - |
P . C e . . - Sy L N ="
' N Thc first experlmental ev;dence for thls was observed’ e

fby Lram and Plne (34) Ln 1963 Both the rate and stereo~~

.chcqutry of exchange of the a- sulflnyl hyd gen of 2~octy1. ":-“

° . v 9 . °

'Epenyl sulfoxide were’ affectqd by the stereochemlstry at R

‘w‘

' ‘{ . sulfur" The exchange was carrled out with trbutoxlde in = "
¢« ) .

~  t+butyl: alcohol and the asymmptrdp 1nductlon efﬁects were

more pronounced in dlmethyl suLfox1de solutlon 1t wqp '
’ . . = )

T thought atxthis t ime ‘that asymmetrlc solvation was. » .o
o . ‘ p . . i £oe .
e n “.responsible for the 1nductbve effects. : LT .
L N
.. j - . Shortly theréﬁfter, WQlfe and coworkers (35} rbpotted
: . ¢ S Tl -
oa that.the methyleee protons of hehzyl methyl sulfoxxde _ . ..
gEa . ) T :
: . * 'exchanged at»differqnt'rates.ln NaOD/DZO. ‘At 15 the’ ‘rate ..
o :' s . ' oo o -~ :3‘/; . . . ; : . .
. ‘ R g B -, . v S LN
Y ‘ . . £ 4 t‘

. VoL TWovhydro?ans (or other groups) are diasferéotcplc if
ot : . Wubstitution of one.of bhe@ gives rise to’a éiaatereomeric

molecule. - , ;T : , .




. . ratio for thése'diastefeotopib protons was almost 14:1.
~ . . '~ . . ' . N B ' 7 ¢ .
From cxchangg studies w;th'§4bénzyl methyl sulfoxide,

Baldwin showed®that the progR hydrogens were exchanging oy

more rapidly -than Ero—‘ (36) This asﬁiggmontrwas dpposite
' ' Ato that whlch had beeh determ;ned by wOlie and Rauk (37},

Cy :’ but was ‘confirmed by 1ndependentuﬁyn;h051s ‘of thd chifql‘

exchanged prdduc%si - . . e

- - - H u o ? - T

- pro-§ - .' - pro-Rr” B : -

' - NCHy - ' '
. v - I)h g ’ .
S-Benzyl ‘Methyl Sulfoxide =~ = 7

- e . . . o o . : . .

- * In an attémpt to formulate. a predictive'theoretical o -

€descrlptlon of «a- sulflnyl carbanlon sta@&lity, Rauk, WOlfe

and 051zmad1a (38) presented exten51ve, ndan- emplrlca

< - ‘ " hypothetlcal hydrogen methylsulflnyl carbanlon, HSOCHz,

-the dlmethylsulflnyl carbanlon,,CH3SOCH These calkgulatiops =

2.
~ o
- specxflcally omltted solvation, and other exbernal effects :'v
. " T * £ ~
’ ; and %Pdlcated that a—aulflnyl carbanxons were 1ntr1n81cally A

o . asymmetrlc, pyramldal and ‘most stable in a conformatlon in

[~ 'D" whlch the electron/ggzr lies" along the blsector of the o

- : ’ ’ 'w’ ‘
3 * © “oxygen . sulfur :- lone palr angle (Flgure 7). This confbrm-

R o -

ce ’ . ition maxxmlzes the number of gauche qnteractions'between

. the adjacent 1one palrs!and polar bonds {the so—calked
N A . ,.

gauche effect" (39)). -
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. - Gauche Lonformatlon

It was also Sastulated by fhese’authorﬁ that tho

stereochemistry of proton abstraction from an an-sulfinyl

carbon would,bc dependant upon the stability of Ehe result-
: * . . = . .

>

éﬁ ing ursulflnyl carbaniot, assuming a carbanion-like trapsi-

- tion state for abstractlon., In other words, 'a proton would"

.stabllltles ~ S .,

'be abstracted so as to give dirgetly the most stable ‘carbin- -
. * ! o T v .

M ' .. - » ‘ N - e ) M
ion cdnflguratlon. Moreover, if therye were two protons

which could be abstracted, the one which would lead to ‘the
. . [ ) ¢ _',." ., . ( ,\ .
most stable carbanion configuration would be abstrdcted

preféréntially. ‘Thus, the klnetlc a01d1tles of = sultlnyl

. -
¥

protons were correlated w1th a~sulf1nyl carbanlun
. Py b

- , R
A number of studxes were 1n1t1ate

by various workers

evant to the\Radk—

-

to prov1de experlmental evxdence b
LUK

WOlfe CSlZmadla calculatLOns. 'he rqsults 1n grotfc medla;

appeareq,to be at odds with the calculatloﬁs. Studles by
'L. s :

: Hutchlnson, Andersen and Katrxtzky (40) on thg o= sulfingl

(\uégﬂhange rates‘qf cis—_aﬂd trans—4-phbnyltetrahydrothlopyran
aﬁ

proton abstractxonam

'i-oxlde lndicated the follow;ng o;der of preferepce of ‘

- : -t
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- The media used for these studie{ werg water (hydroxide),

-

)
“mcghanoi/(methoxide)A,E—bu;yl alcohol_igjbutox{de) and ' .
,l)MS,O~1!1tﬁthaxmel (met,ho;cidiu) . “There was no ster‘eoeelect‘ivity‘ ‘
of‘excl‘\anlge in .S—b-utyl alcohol or DMSO and this was | a -”" ’ *
attrlbgted to fast- edxbdnlon 1nvere1on in\tﬂe abseﬁée df,; i
stabllxeatron=by solvation. Thls nrder of\ddldrty de-dlSO ‘ c
. s .
'-‘LTOdU(.‘Qd by Marquet and coworkers (41). .- ' e ‘
I-;xchen‘gé :studie' by Fraser (4;5) on a .rigid, cyélic,-" ’
sutrl.toxrde and by Nishio (43) on .an acycllc z,v.tlfuxule appeased ,

to be in agreen&nt w1th the Rauk*—Wolfe—CSJ,Zmadla calcualations. ?
- * - \ I

However, in ¥oth cases, reinvestigations by the same
. - - N ’ ‘
N t

res'earchers résulted in rev’er'sails of the coxlc}u@ns (.44 45) . ,J

The stereochemlstrles of exchange were opp@sxte to ~those

A R

- medlcted on thq basis of the calculated carbanlon Stablllt es.

. (!-sulfuiyl prqtous’ with rate ratic)s 1: 1100 310:1250.  Both

For the cyclic sulfoxld-e studxecf byiraaer, rate differences

[ I -
as hiqh as 1250 ]l were found for a*—sulfrnyl hydrogens dlffer~ .

:Lng only in thelr conformq:lon wlth -respect to the sulflnyl

-

group 'rhe medlum used was tjbutyl alcohol/t—buto:uae.

The sulfoxlde, shown. below has four diastereo’topxc . T

.. e .
_ 'the/ alewégt a‘nd the sec d-fastest exchanging protona lie
. T ' ‘ L _‘5‘. ' 2t ‘
[y ) . . . «['.:;' ., . .. ’
’ 7 e , S A I‘ . \ : ‘ R
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close to the entrgy miginum predicted by the catcutathions, S

. .
v . . . .
. ' " N

. : ’ ) o ,
. Howgver, the fastest exchanging.broton lLies ! \1.1§‘(\ he" to the

80 bond and trans to the lone pair. ‘this uu‘?‘&uuon. conforme
'S : — , _ . o ,

»

. “ation-is also Opp(»silt‘c tqy that shown by Nut,\‘hins)\,\n, et al,
1 . L R , P el

Y | " IR " . -
« (40), to be the most rapidly exchanging (sed abave). .
c - - REEINGRNE . . T

,L: - ' /‘ CHy Gu‘: u‘: ‘ o f“ Ty
- : A :ugu_;t\cqnt atudv 1nt.0 the” cnm.t ot ";;olwgt ion upm\"

. ot . . - — PR S * .
o i:\"f_‘sul‘t}nyl J\ydxugmr.exuhdf\ge wis ‘n\mfie .hy buist, ‘b‘x‘dsex‘_am‘i e : t 2
i ; %k coworke *rs (4b) /'I‘hé'n: \pex xmunt wi L'h. be.n\z.y ¥ omet hyl '

oot * sulfo.x,;wde- Lndudtul that in prot e, puidr media such as & 3

o . Uzl) or CHJDD the'E o o-R ‘hydi ogen (b at sultux , Vsm-'a:ovv) .-

exdmng es more vapidly than the- mo- aydinqeu, whxlv

protic’ a'polar media (for examph,, t—BuOD)‘, the ro-S

N hydfogen exchanqes faster‘ 1m11ar-tesu1ts~were obtained

~ L3

L when benzyl methyl sultoxxdc was trgﬁed w1th alkyllxthuuu
“ N
L Lt kol.lowed by quenchlng with, DZO ln the pular sulvem (DMSV)
5 .

Lo " the stereochem;}gry of exchange waa opposxte to tfxat oL L

°

+ © .- ‘observed in non—polan aolwnts (benzene, tetrahydrotux an

. N :

. ' 3 N
.o (THF)) The necessary concluawn ot th/(s vork qu that .
. \ i . .

. . “ay 5
: solvation was an -important factor 1n tha determxngxtxon ot :
; .t ' . » N

. s . . . v .
T . proton gbstracx.zom Slmilar results were obselved by o o
” s 0 .. " A ) , a " - ' L e ‘ ‘ - * .. s L ' *
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Nishihata and Nishioo VA tegarding the teactivity. ot

S . | | , . . .
, bengyl o t-buty b sultoxaide towards n-butyrthaum vn ik, > > .,
- 7 . N T
. ‘ . « } . . ) F e
’ - . » .
Subsequent tivest tgations by Durst, Viaw and Medhoy
3 ‘ - R
fd0-48) have provided turther evidence tor sterceone et vty
Ot - hithiation ot benzydl methy l and benzyl t-butyl . c e -
8 ' o @& . : . . - s - .
» ‘ : ) :
sultoxides an THEY solution, - The stereoscelectaivity obset ved
__;. , s, . ~ . . . N . )
o the t-butyl sulfoxide was greater thiin tor bensy U medhy “y
:ﬁxk!u:gl]{lv, ‘Which was attiuibutod to Ahe qna\tgg :stqilc ‘
. v ) - o * . . y
teulrement soot .("h{f(‘ -buty l\n oap and resultiing decteanaed )
S, [ h . LT ’ : ' . . ‘ Cs . M .- PR
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2t that the teaction.ot these sultoxtdes with alhytl tthim 1o
N + . v S - . e N
e . ) . e ‘ . .
THY u; re :apul\\lt doto the Rauk-Wolte-Csizmadia catvulationss -
- pus:s thly bevause snog-felar solvents suah "(b WHE bat tey
b bl L. ‘
T .l} pumlumtc Jas- }*h’aap \.undx( tons thm\ R pu!:u s\\l\'cn( 5.
sulroxide | xthmt mu ::! udwa b; thﬂmta Al Nishiw o, .
» ) ' ‘ . N u-‘
o (49) gave sim\ lay 1¢sults tu 'thuse uf DU stv :rbm o, u;\we\'er,
.o N . 1 e i .
- hey concluded that the st:.x 6\‘:}’1&& x t u‘ﬂ ty or pr ut W1 Lt
. ) . ' . . .
“ & absty action was of litt le consyquenpe "hocause' the varbaiion R
. . uderygoey rapid egquilibration by invetsion to bn’-a .tha must'
N - ’ L3 s . " - ) ‘ i
". atable confixj\xratiun ber’m*a* queuching LSamilar 1y, exc hange "
I ‘ i ..
studxes of ;pgthyl t~—pkmnyluthyl sulfomde m ajueous medxum )
S 3 ~t _/’ LI ’ s
s have’ legi' D‘An\ora a\nd Brauman (50): “to fhga cone lug w.u th?t o ’
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; ataultiny ]l cibamions are etther tapndly tnvertaing .
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. : o brthratton and gquenchiig ot beney b methy U sultos e /
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S 015 to Ehe oxygen ‘to give 5d Althbugh it-was obv1£us ‘that -
~ i . . ' e 1 3 4 -
s _ the e;phange of Sa 1n NaOD/D20 wastp;nceedlng with™ L

~ .

L “’“\: retentxont(51nce‘there wauld be,po-rate dlfﬁerence\ﬁgtyeeh
Y. * ‘ . b . ! [ ? ) s
' ' the cfs and trans hydrogens, for deuterium uptake with

\;;7/i7 i"lnver51on apart from uery small dlfferences due to -
. - \ »
N o ».seconﬁary deuterlum fsotope effects),ﬁ%hls quenching !

experlment nges no information abgut the stereocH’%zst;y

¢

.

of proton abstract;on e BN
T In*order to clarlfy/:;:l, sulfoxldes 5b° 5c and 5f

' . Were prepared.- Exchange<of S5a in p.l E:paob 1n,D§O at409 .

| for 1 hour gave Sb, while exchan of"5a in 0.1 N NaOD in
ng at’ 50° for 1 hour gave 5f. " Trea ment of 5f with 0. 1

‘
N NaOH (agueous) at 0°, for 3 hours gave 5cC. These sulfoxides

i

. 8
Were then tréeted with methylllnhium in THF and quenched .

) w1th4ehthér DCl or HCl. The products were isolated, ‘purified
aﬁd examlned by n m.rs,, mass spectrometry and deuterium
- e .

- ana1y31s to determlne the extent and stereochemlstry of ¢

]
- * o,

,' ‘ ;eotopicfexchange. The resultg, shown in Table 22,'ind§cate
* clearly that both proton “abstraction and lithio selt‘
- quenchlng prdcéed with same stereqchemxstry, namely cis “to

- . o -

the oxygen.' Thus, the 1ithio salt of 5b on quenchxng with

‘ i: pCY gave Se whlie on quenchznq’with HCl gave back Sb.
°slmilarly, quenching of the Sc lithio salt WIth HCl gave
back Sd, while qpenching witp DCl gave back 5c. '’

Inspectton of Table 22 reveals evidence of ﬁhlti~

« -~
. exchange in the lithiation and guencn;ng reactions. For ‘

-4 ) . . ¢

4'} ’ - X I . ' o

- B - - . oy . -
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example, 1n Qhe formatlon of Sd from’Sa, dldeutenated

productrwas also formed (12 8%) along with' traces of tri— Lo

and tetradeuterated products.' Treat;ent\e£:5a thh 2
e&uivalehts of- methyll1th1um {instead of the ‘1.1 used in -
the experlments sumﬁhrlged in Table 22) followed by DCl

quenching gaVe a product in which about 1.5 hydrogens per.
{ -

- molecule were exchanged Experiments in which the qnenchinq

Y
3

ac1d was added at dlfferent rates or -different st1rr1ng

rates gayeJessentxally the same result, which would

7 *

Aindicate that multlexchan o] products probably arose by

(h_\ieaction of a single sulfoxide molecule wltﬁ more ‘than one

©

olecule of methylllthlum rathef/than by base—catalyzed I

~ exchange 1n the -aqueous medium during quenchlng.

The reaction of 5f q;th the lithio- salt of S5a for 10
mlnutes prlor to HCl ‘quenching resulted in aoproduct whose
n.m.r{spectrum.showed peaks due to CH2 and CHD of roughly
equal intensity; indicating intermolecnla; nydroéen/

scrambllng. This scnambllng was alﬁost completely . .

'suppressed when the contact tlme between 5a lithio salt and

< i °

5f before quenching was reﬁuced to" a few pe;onds (corre8pond-
E

ing to the condltions used to- generate the data in Table 22)

RaLid queniﬂ”ng was also found to resu&t in higher yields

of 4 cleandr product, which was more readily purified -and

o
Wy
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°
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]
-
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£
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3
0
Q.n

recrysta;lized. When

after 16 minutes (I l), the product compooition was
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\ ’ ' ; - “ s
. As noted above, sulfoxidé 5-exchanged more rapidly than ’

‘benzyl methyl sulfoxide - in’ aqueous medium. It was -also.

e @
— .

determified that 5 js more reactive towards nmethyllithium

*than benzyl methyl sulfoxide. _Thus, whenaég\(l mmol) and
. . ' ) -
benzyl methyl sulfoxide (2 mmol) were treatea with.methylf

lithaum (2 mmol) followed by DC1 quenching, the n.m.r.

A

‘spectrum of the product indicate&’that 5 was exten51ve1y .

exchanged, whereas the benzyl methyl sulfexide was almost -

unqhanged The ratio of'déuterium incorpbration for 5a vs.

benzyl methyl sulfoxlde was estimated to be 11 to 1. .

Although the geometry of 5 is not pre¢1se1y known, a
=
fully planar molecule would give the dihedral angles for'the

hydrogens cis and trans to the oxygen of. 0° and 120° .

)respectively While these eclipsing‘intpiactions may lead *
to some distortion from full planarity, the resulting
dihedrai angles. would not be expected to’vary beyond,: ,30°
and, henceJ “the glyne-g;elog.descriptors ;i_fperiplanar and
ggtifclinal (5§) for cis end Eggng respectively’are\ .
-applicable'here; HoweQZr, for smmplicity, the term§ cis and )
Eggégﬂhre used-herein to describe’ the" relationmship of the
appropriate hydrogens to the sulfinyl oxygégg - ’ .

“In terms of the Rauk-wolfe—Csizmadia calculations »
ﬂ (Figure 7), the configuration of the cis cérbanion of - 5 ' o

- correaponds to 6 o 186° while the ‘trans carbanion conf;g*

~

uration has 9 = 300° In other words, ‘the’ trana (anti—

y .
' clinal) anion lies close to the calculated lower energy .

maximum. From Figure 7, we would predict that the

.

i
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a

‘ - o R e
trans-anion would be formed‘prefenentially to the cis: ‘
a . Lo A S . i
anion for 5: In fact, this is the case observed for 5 in.
® v .
.\aqueous med1um~ HoweVer, in THF witﬁ methyllithium, the
- ~ .~

‘ opp051te stereochemlstry is observed. s ‘¢ .

Changes in the stereochemistry 4@ o-sulﬁfbyl proton
'abstractlon w1th changes in solvent have' also been observed
- By Hutchxnson (40) and Durst and Fraser (46) However,
observatlons by Viau and Durst (48) with benzyl t-butyl

sulfoxide suggest that stereochemlstry qf exchange in THF

corresponds'more closely‘to the calculations than in polar
solvean They concluded that—THF more closely approxim&teﬁ
.gas phase cqultloﬂs than do polar solventsl This contra--

‘K~ drcts ‘Gur Qbservatlons with s. b .

A R e
The stereochemlstry of exchange. of 5 ih;ﬁqueous medium

corfe3ponds to the results obtalned by F0111 (52) for

2H-naphtho[1 8-b c]thlophene 2~-oxide in methanol solution.

These two compounds have very similar str&/turea and this

< o

, is apparently reflected in° the;r parallel exchange

.,
behav1our in polar, protlc medla. However, . the stereo— ’
chemical results observed for theae systems is opp051te to'
‘those observed for 2—thlab1cyclo[2 r l]heptgne 2-ox1de in
'methanol-methoxide solutlon (where the d-protons gig'to the

sulfinyl oxygen were. preferentially exchangedl (51 52) It y
is obvious. from. ﬁﬁese results that the stereochemistry of

. ) ,',/,f-' .- 3 -
a-sulfinyl hydrogen exchange is very sensitive to ‘the

o structure”of éhe substrqte, makinq the proupects for a -

CaN




e e Y-
predictlve theory more remgtegWxthout more prec15e kﬁowledge

\

. S of. molecular geometrles and thelr effect on the exchange
-‘yechanism. : - “" c o ) . ot
* v, . In theory, an acyclic“mlfoxide should be able to

orient 1tself into the most stable conformation such that

: ' proton abstraction by base would 1ead to the most stable

¢ conformatlon of the,}esulting a—sulflnyf'carbanion..vﬂowever,
it was found that benzyl methyl sulfoxide in bdth thé

. ﬂaqueous and non-polar media was slower to react than the . ’

[N

‘ more rlgid, cydTbc sulfpxide 5, even though 5 is not able

to orient 1tself in the most stable conformation for ms'_,f
~ R l

‘a- sulfinyl carhanions predicted by thedzalculations.

"It is apparent by these experiments and those performed

.

by other workers that solvation ahd other effects of the

-

medium cannot be excluded when discussing the stability of

A

a—sulfinyl carbanjons, A change in the stereochemistry oﬁ
° o exchange observeq for S by a change in solvent ‘and base .

,’indicate that conformation alone cannot determine the'
; N

f kinetic ‘adidity of o—sulfinyl hydrogena and that theoretical
calculations of u-sulflnyl carbanion stability based on

conformational effects alone are npt in_ themserves sufficient

[ v

to enable prediction of the ‘ease of formation -of these

'ocarbaniOns. . The factors which appear to affect carbanion-

© e,

-.:- . . | stabiri!y in e solvent polarity, ‘protic Vs. aprotic

Y

~.; solvents, sulfoxide structure, base, cation. and even the

- e « N
cel s,

“ source of*thrmu?‘ﬁd%— in addition to cunf _ymational e

. :?’.v,




effects. - Because tﬁéy omit solggtion and other exterhal

factors ‘the Rauk-Wolfe-thzmadla calculations cannogjprOVLGe

L (‘ [

a truly. predlctlve theory of the stereochemlstry of , - .
; . _

*a-éulfinyl carbani?ﬂ-formgxién in solution. . ‘ 3
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Conclusions‘ C .

»

Examlnatlon of a—sulflnyl hydrogen exchange im l 3~

» .
drhydrobenzo[c]thlophene 2-ox1de (5) has shown that the

'faster thah the cis hydrogens in NaOD/DKO solution at 5°

K @

hydrogens trans to the sulfinyl oxygeng;rchange 67 times

~1Furthermore, the cis hydrogens exchange faster than the

'ffaster-exchanglng benzyllc hydrogeg of benzyl. methyl
: .o . . ) 3 L : .

sdlfoxlde. - Ce

Treatment of 5 WIth methylllthlum followed by rapld

quenchlng w1th DC1l gave. predomlnantly the c1s—monodeuterated

£l

product It was also shoyn that proton removal in the Ce.
‘llthlation step involves the*léms of the cis hydrogen.

7 - o

Thus, the exchange-reactlons of'S in both polar and non-

polar medza proceed w1th overall retentlon :0f conflguratrgg/)

-* -

In direct competxtlon of react1v1ty towards methyllxthlum, '

AN
.

'5 was lithiated 11 t;mes faster than benzyl methyl ’

sulferde. ‘ g\) I B
' - ' v i ‘ . - : *

The Rank-Wolfe-Csizmadxa ng&emplrlcal calculatlons of

o-sulflnyl carbanion stabillty specifically)gmitrsolvatlon
T and other external factors and as such the change in the .
7stereoéhemistty of . exchange observed for 5 in/going from.a
polar, prgtic aolvent to a- non-polar solvent is. not
%'predicted by these calculations. Fusthermore,zthe fasterﬁ'
f.‘reaction rates for 5 in both solvent; compared te. benzyl

methyl sulfoxide ia contrary to’ expectation based on the Lo

-catculationa. The acyclxbmsulfoxide should Be able to
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T P

adopt ‘the most stable cogformation for the a~sulf;nyl

carbanlon being geherated whereas the more r;gld, cycllc

9

o sulfoxlde is essentlally fixed in an gpparently less stable "

cpnformation.' o : : ‘ ¢ .

“

. It is concluded,ithéréfo;e, that calculations_ such as

and other external. effects cannot adequately predlctsthe

stereochgplstry of formatlon of g-sulflnylwcarbanans in

A J

. solution. . ' - - .

those of Rauk, Wolfe and Csizmadia whlch ignore solvatxon‘

5
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* CHAPTER III v ot

The Steric Course of the Formation of Benzocycldbutene

3 . 3

k] d
by Thermal Desulfonylation of 1,3-DihydroBenzo[c]--

thio?hene 2,2-Dioxide

>

Introduction ) . ' -

3

Thermal desulfonylation of 1,3-dihydroMenzo [c] thiophene

2,2-dioxide (6) as a synthetic route to benzocyciobdtene (7)

was first reported by Cava and Deana (57). By analogy with

. . | N— :
P2 a W e

s 1.

the thermal degulfonylation of 2,5-dihydrothiophene 1,1-
dioxide (58),19-§uinoaimethane (8) was believed to be an
intérmediate in this reaction, altﬁough the formation of

o .
condensed dimers of 8 and o-xyleme suggested that a .

L 4 . ~ .
biradical species may also have been present along with 8. -

‘ ? /.
] N
8

’

1

— .
o
-~ - . . - %

Ewidence for the formation of 8 came from trapping experi-
' . ' : - a, :
. ments in which' the desﬁlfonylation of 6 was .conducted in the

- b, N .
melt with.N-phenylmaleimide. The cyglaadduct (9) was formed

-

in 78% yield. . , .. .. : R




. ﬁowevér; it was later shbwn by Alder and Fremery (59)
’ " and Jensen, Coleman and Berlln (60) that cycloaddltlon

produets ;f gfqulnodlm;thane Fould also pe formed from

benzocyclobutene. Thus,zpycloéddupt fgrmatzgn ?s incon-

5

clusive evidence for_ the ihtermediacy of o-quinodimethane
in the conversion of 6 to 7. It was also shown iﬁ this
31atter~paper that the desulfonylation«of 6 was reversible.

x Experlments on the thermal desulfonylatlon of .

Q @ o

substltuted 2, S-dlhydrothlophene 1,1-dioxide have shown

.that the extru31on of sulfur dioxide proceeds in a

. . © L}
- disrotatory -fashion (61, 62). . : .

& '
This stereochemical result is predlcted by the wOodward-

Hoffmann rules (63) for a linear cheletrbplc reactlon*, and

.

5 ~

* A cheietr%pxc reaction is defined (63) as a process in
which two ¢ bonds which terminate at a single atom are
made, or broken, in a concerted fashion. The term linear
refers to the orbital symmétry of the transformation,

~

- »

© 3
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2

v‘anh belp& -110° respectively (65,66). These molecules undet-.

s . g ' - - -,

is a consequence’ of orbltal symmerry consxderﬁtlcns for 'the

]

thermallyﬁallowed,‘grOund;state.process, For the dlbydro-

8

° - - 4 h
benzothiophene- sulfones such as 6, by anadogy, the form—.b' T

ation of o-gquinodimethanes is also predicted to be a- °,

> ?
» > % '
disrotatory process. : : . » R
3 . . c
° o -
: R H )
O\ v .
- . e . °
SO + SO »
2 2.5 -
<
R H &
° o
L] A . w .:'_ e .‘:’

Unfortunately o-quinodimethanes are very unstable species:
8 has“been observed at -196° (64) while the‘aiphenyr‘and .
L] -

tetraphenyl derivatives of 8 have been.observed at 11890,
9 . . 3 3

€

L]

. .
go rapid cyclization to benzocyclobutenes, relieving steric .
[ ‘ )

lnteractlons and restorlng aromat1c1ty, pr, in the case of

L]
. :p 3 "o .

the diphenyl gfqulnodlmephane,:rearrange to give 92-phenyl- ’

9,lO*dihydroanthracene“(67). “ S

~
e

Because the sulfone 6a was readily available’ by
ox1datlon of the c13-dhdeuberated sulfoxlde 5b (preyared v1a

the stereoseledtive exchange reaction descrlbed 1n the.

@

previous&chapter), the ' vapour-phase thermolysie;of 6a was

studied to determlne whether or not’ thermal desulfonylatxon
) QS”
of 6 is a concerted process, and hence. “to prov1de evidence

for the 1ntermed1aey of o—quxnodimethane in this reactlcn.,“', ]




- Ll . . . - - . T <

¢ Because of the deuterium SubstitutioﬁJ thlS sulfone 1s free

° ° o . . s . °

from sterlc effects whlch would be present if larger alkyl

o; aryl groups were used, and EUrthermeré§ it cannot undergo
. . ". . - ) 1 E "° ! T ‘
r@arrangements such:as that observed in the desulfonylation

-0

of the 1,3~ dlphenyl shifone (67) The reSults of(the

N

- : -
theqpolySLS exper;mentS‘WLth Sarare dlscussed in the follow- ¢

-

! )

an\sectlop. v _ <
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Results and Dlscu551on

' appeared as two superimposed doublets, J - 2 8 and S 5 Hz,‘

’*relatlve areas 3 or 4 to 1 (Flgure 8(b)).

) Thermoly51s of 1,3- dlhydrobenzo[ ]thlophene 2,2- d;ox!de'cj

(6) (57) by subllmatlon through/f quartz tube heated at 5()0‘p

at’l um Hg pressure gave a 93% yleld of benzocgclohgtene'b‘é”m_

(7) The C1s—d1deuterated sulfone 6a was prepafed from the
t

«sulfoxlde* by oxldatldn with hydrogen peroxlde in acetlc

aC1d Thermoly31s of 63 at 500 gave a quantLtative yleld “

2
[4]

of 1,2- d1deuter1obenzocyclobutene (7a) ) s
-t " D H ' |

“

The stereochemxstry of the two deuterlum atoms Of

was determined by ethgQ:tlon of the %euter1um~decoup1ed

13c.gatellite n.m. r. signal of the benzyllc protons, whlch

g
\
due to’ the trans- ‘and c1s-1somers reSpectxvely (68, 69),

Thus, thermolysis

of 6a at 500 gave malnlxmthe trans—isomer of 7a (75- 80%).

~ rd

U . ‘ £t . \ :
L D ) P N
i ) 5000 . /l - 72 ID . ;e-.
sa ?—‘——i—.'--" 4 +) ‘, i
] D .. T D |
. 3 - 4 s 1 L \ °
‘ 1 Qo . . ’ '} ‘.A .
’ . ’ ‘ S ’ a ' g ‘ I
. . —r - ' . - ‘ é N I

. ' For preparation of ‘ia,aulfoxide,nsee previoas ohapteri-

.‘. > .’> > :‘;‘ " o o f .’\fh.
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FIGURE 8

B

Jtrans = 2.8 Nz

-
J . = 5.6 Hz
Ci8

—_—
1

- 7 trans/cis = 3 or 4:1

: ' o — J Y —
. cis )
RN e , -
(a) From flash thermolysis of c#8-1,3-dideuteriobenzo[c]thiophene 2, 2-dioxide
at '500° (low-fieid sxde-baha) N o
N . ‘ N ©- i !
. » t" . .
Jtrans » 2.8 Hz
Wp———
: ) Jcis? $.5 Hz
trans/cis = 3 or 4:1 ] Tte
'. . ° . - r
\ ~
(b} From guartz-tube.thermolysis of cis-1 g-dtdputeriobenao[c]thiopheﬁe 2 2-diqxide
’ at 500° (low-field sidp-band). .

s}
<

! ot ’
3 - 2.8 H ° )
trans v
Toisn f‘S.S bz ~ N .
trans/cis = 1:1 °[. ; ‘ )
, >
- . . ’
EE . .
.o - e 4y '
" {e) From gquartz-tube fhornolysi- of cquinollt ci trans-1, 3-eicouterbobenzo c)-
: t.hzopncn- 2,2-dicxide at S00L (hth-nem —m{'ma ). )
, Y f . . @ *
°e Dcutcrium—decouplcd "quntillitc preton n.-.t. spectra of 1.2 didsutoriobeu:o-
cyclebutene llnplcs‘ . - ey o - - .- »@\ '
‘ - - o o . ”
, LN . g L VT e T
i i - L . . . s " . ' . . ;4.,(
" * Sweep .width 100'Hz.. Sensitivity of signals @nhanced by the CAT techniguw:-
‘ ' . P T . - e . <
. ° ' : ! » ._ L. o
L "‘ ¢ ) ,' . LT -
e L Ce . . . . 8.
4 T - - - '
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For comparlson, a l:1 (equlmolar) mlxture "of 5&_— and

trans dldeuterlobenzocyclobutene was prepared accofglng to :

% .
<

the following synthetic scheme: , .
\ PR e . ‘ - ;\'\/‘ a
CHO . __ _CHDOH o el
~ NaBD4 O | o
— I
- ° e
] CHO "~ CHDOH .. .
% o : :
¢ 2 - 0 *
S cﬂoc1 > »
: socl; | ' Nazs @ ) :
e 3.CHDC1 ’
. D - :
Q D = ' t o
- - ] D
H,0 - o L 4
_2_2_._...’ SQq —m I" .
HOAC° ' 2<= Ao \0 X
<« . . o . o D
) o - D . } )
! o S / @ »
b 7b s

Phthalaldehyde was reduabd w1th sodlum borodeuterlde to

the &ioI, which, on treatment wrth Ehlqnyl chlorlde gave

. oW v

the qa -dldeuterlp-a (o] -dlchloro-o—xylenei Reaction of

othls dlchlorlde w1th sodlum sulflde gave the 1, 3—d1deuter10-

.« 6

benzo[c]thlophene whlch;was ox1d12ed to the sulfone 6b

D)
*y
Q

The overall yléld of thé aulfone was r7%.~ ' i

Thermolys;s Qf 6b at 500° gave@7b, assumed by thls

B

. method of preparation to be an equimolar mixturé of the

7,

4
cig- and trans-isomefs. The "C-satellite proton n.m.r.

e L3N <

sbectrmrlcrf the banzylic hydroggns df 7b LFzgure B(c))
showed as gxpected, a l:1 ratio of 1ntensities of. the

;’ and trans signala. ot D LT ,;‘_ o

o>

,e @ : 4

D"u
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Q
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The iﬁfra—red/gpec:>a of both the equlmolar cis/trans .

[\

mlxture (7o) and the malnry tran§ sample of 7a were . recorded

A using 0.1 mm neat samples. Comparlson of the spectra»

[}

©

(Flgures 9 and 10) allowed the. a351gnment of characterlstlc

bands to each 1somer cis, 645 and ‘895 cm l;.trans, 825,

-

850 and 905 cm l. The composition of Zé_@as found to®be

75% trans-isomer and 25% cis from the intensities of the

- o - . ¢ o v

bands inﬁmnpa:jison to those of 75, in agreement with the’

a ?

’values determined By n. m.r. Cénformance with Beer's law*

was assumed for these quantltatlve determlnatlons

A sample of 6a ‘was thermolyzed at 500 and the product

B

(7a, trans c1s 75 25 by i. r. ) was subject agaln to thermol-

ysis, once at 500o ang twice at 600° Examlnatlon of the

¢

- d.r. spectrum.after each run’ showed ‘a trans:cis ratio of

.

65:35 for the.run at 500°-and 56-50 for the two soo°

1thermoly§és “Slnge the’ thermolyses appeared to be less

stereospecxflc as the temperature was increased " the .
i

thermolysxs of 6a wdé‘repeated at 430-440° . Thig gave ab’

El
-

20% yleld of benzocyclobutene*d2 (7c) whlch was shown by

i.r. to be almost ppre trans-isomer (Figure 11).0 Less than

4% oﬁ;the c1sﬁnsomer could be detecte& The recbvered

4

startlng materla; (78%) was desulfonylatad at 600° +and this
. . - % . 0

L] <

<
L]

‘& Beer‘s lam (br ‘the - Lambert-ﬁe 3 9 law) states (70)
o . Optical Density = e c 1 '
’ wheré € is .the molar extiction coefficient, ¢ is the -
concehtration (mo}es/lltre) and 1 is the lepgth of the;
sample (cm). Thus, the: optical density ‘of a' compound

i directly proportionéi tonits concentration.° "

CeQ

C . I"‘\‘ . o: " .
B

- . ’ F

° ! .t i 4 ° -
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FIGURE 10
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Absorption 1n£i‘q-red~8p‘ctxum of 1:3 cis/trans .
1, 2-Dideg;eriobeﬁzocyclgbgtene (-Zg ) |
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product run-ﬁgaln at 600 to give- ber}zocyc.lobutene-d2 whose-

!

N LN
»

N
1 r._spectrum-was 1dent1cal to that of. the equlmolar\ . ‘o

-_.," { * ‘ . d‘
trans/01s mlxﬁure produced by mult1p1e thermolysis.of ’

+

T
at 600°’or thqrmolySLS of 6b at 5000, e :\

Flnally,‘iiash thermolysis (71) of 6a at SOJ'Pe

‘14 um_Hg pressu?e through a ceramic oven gave 7a\hn 90%

yleld. The composition of the product was shown by i.r.’
to be 75% EEEEE; and 25% cis—isomer, which was cohfirmed’,;
by n.m.r. (Flgure 8(al). These results are ioenticei to
those obtalned by guartz- tube thermoly51s of 6a and suggest
that 31gn1f1cantﬂsurface effects upon the desulfonylation
of 6 are absent ’ | ‘

From these results it can be seen that thermal . desul—'
fonylatlon of 1, 3—d1hydrobenzo[c]thlophene 2 2-dioxide in
the gas phase to glve benzooyclobutene is‘a stereospecxflc
reaction. Thus}'thermolySLB'of the c15-d1deuterated
sulfone 6a gave malnly Ergggfdldeuterated* bénzooyclobuteﬂe
(7a) . ' - 0 . k
e At’e”temperature o£ 430-440°, only 20% désulfonylatlon,

of the sukfone occurred \However, at thls temperature, the

r~¥%e1d of the Erans-isomer was over 96% gompared with the

’

cis, or a stereoapec1ficity of over 92%.' On the other hand,
at 500°, the desulfonylat;on was quantitatiye, but the yleld
of trana product was only'7St, or‘SO% etereospecificity;

Double thermolysis of 6a. or 7a (trans:cis 65:35) at 600

‘both gave an equimolar rans/cis mixture (7b),iad1cuting
complete loss of. ptereospecificity at. this temperature.‘f

g1

»

ol
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In terms of the WOodward—Hoffmann rules* the lou

rao :\'\ S
temperature thermOlMSlS of 6 ‘is. a concerted process. The_

‘llnear extrusion of sulfur d1oxfhe from the sulfone is
. "& s

predicted to proceed 1n a dlsrotatory fashlon to glve

g—qulnodlmethane. Rlng,closune ‘of thls‘spepleslto give
benzocycloputene s also a concerted procees:end occurs in
@ »

i

a conrotatory manner in the ground state.. Thué}'

L3

D H

The observat;ons with 6a are in complete agreemens) _\, o
~ :
WLth the predicted stereochemxstry of theSe transformatlons.

The loss of stereospec1f1city at hlgher temperatures may:
conceivably be attributed to a non—conoerted process4such as
diradical formatlon Qr perhaps to a competlng symmetry- -
forbidden,~concerted-process (72). However, the precise -
.mechaniem which .is operatiﬁg at higher temperatﬁres'fg oot‘
understood. :," | - |
Nonetheless, the therpal desulfonylatlon of 6 to’ form

benzocyclobutene 1s a concerted process under mild

conditions, JThe stereospecrficity,observed'ﬁor.thisitrens- -
formation is thus further evidence for the intermediacy of .

.gfduinodieethane in the overall reaction.

s
[
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Conclusions =~ 5?1%{:

Thermal desulfonylatlon of cis-1, 3-dldeuterlo—l 3-
dlhydrobenzo[c]thlophene 2,2- dloxxde in the vapgdr phase at

500° resulted in formation of mainly trans—l,z—dlqeuterlo—
. . . ~ I /j- .
benzocyclobutene along with some cis~isomer. - The, yield of

\\\\\51

the traus—isomgr relaﬁive to that of the cis—isomér'was
enhanced at lower temperatures (430-440°), althod@h the

deéulfonylation,was inefficient at these temperatures .(20%).

o 0

At 600°, the desulfonylation process was non-stereospecific,
’ giving*an equimolar mixture of the cis ‘and trans préduqts;

Trans—benzocyclobutene-g2 was also converted to an equimolar

-
u

cis/trans mixture under these conditions.

These results require stereoelecfionic control in both

o

- . X . s . S
steps of the reaction and can only be ratlonallzed in

present—day concepts by the Woodward-Hoffmann rules for the

“

conservatlon of orbital symmetry. Thus, the overall stereo-'

L

~spec1f1c1ty of this desulfonylatlon-cycl1zat10n process is
,entlrely consistent with & disrotatory extru51on of sulfur.

dedee to form gfqulngdlmethanecfollowed by a conrotatory

- - 2

ring-closufe reécyiqp t6 gjve benzocyclobutene.




.EXPERIMENTAL

.introductio X

ESY

- Infra-ved (i.r) speotra were Eécorﬂ%d on Beckmann .
¥R-7, ‘IR-2@A, and Acculab-4 instrumeﬁts and were calibrated
with a polystﬁrene~feference film. Nuclea;'magnetic
resonance (n.m.r.) speqtrirwere recorded on Varian HA—IQO, e~

/{/ A-60, and =60 spectrometers with-tetraméthy;silane~(TMS)

as an internmal reference standard. Spectra recorded in

agqueous media were calibrated with an external TMS fefet-

.ence sample. . Mass spectra and precise mass determinatith'
. : l were obtained on a- Varian M-§6 -instrument. The correction

-tables of Hamming and Foster (73) were used»when‘estimating
» .. [

/ » B
isotopic compositions from mass spectra. .

»’ ‘ h -
C ) The dry-box ‘used for storage and handling of the methyl-
o sulfonylammon%ém fluorosulfonate salts was a K.S.E. (model
. ’ 3 . s
2C380, with .controlled-atmosphere interchangenfompartment).
“ : &

: . An atmodphere of dry . nitrogen (certified grade) was main-

tained in the dry-box and an open dlSh of phosphorus

-~ -
’ pentoxide was used in the pox to ensture anhydrous conditions.
L] .
wee o Kinetic experiments at 59¢ were run in a Gebruder—Haake .

KT62 cooling bath which maintained this temperature Wlthlns

‘:O.l C. Melting pOintb were obtained on a ‘Kofler hot-stage)

_and are uncorrected. . ¢ .

LN Lt f - L

Deuterium oxide used for exchange eiberiménta was

-, obtained from Merck, Sharpe and Doﬁme Cénada Limited,

v * Kirkland, Quebec, minimum isotopic purity 95:7 atom % excess

r - ‘ ' . s

s

106 ‘ : "
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o D. Magnesium sulfate (anhydrous) was used as the drying
agent f£Or organic solutions. Elemental microanalyses were
- P * . .
: performed by A.B. Gyg}i,\Toronto, Ontario, and deuterium

analyses were performed by J. Nemeth, Urbana, Illinois,

v

U.S.A. ' . ‘ ‘




.sulfonate ) . . e

I.” The Chemistry of Quaternary Méthylsulfonylémmoniuﬁ'

»

Fluorosulfonate Safts ’

»

) e}
<

Pneparatlon of Trlmethyl(methylsulfony})ammonlum Fluoro-

LI

- \j
N N- Dlmethylmethanesulfonamlde (5 g) wae dissolved 1n/~\

metﬁyl fluorosulkfonate ("Magic Methyl"; Aldrich, 10 md) in

c

a stoppered flask. - After a brief induction period Ywithin

30 min), an exotherniic réaction occurred accompanied by

formation of a c;ystall've precipitate. When'cgystaliization

-

" 'appeared complete (1 h); the product was collected and

washed Qith dry methylene ghloride in'a dry-box under

nitrogén.c"The crude trimethylammonium salt/ (8.5 g, 88%)

e

’ ® Y -
was recrystallized from acetonitrile-methfieneachloildej .

¢

. o~
solution to glve 8.2 g (85%) colourless\igistals,am.p..

e
-~ 13Q° (dec.). qEhe n.m.r. speétrum (FSO shpwed: ¢ 3.14.

(8 H, singlet) and 3.4® (3 H, singlet). Anal. calcd. f&B\

C4H12:FN0552: C 20..24; I:I 5.10\; N 5.90; 8 27.04. Found:

C 20.47; - H 5.35% N 5.95; S§ 27.20.

Preparatlon ofél Methyl 1—(methylsulfonyl)p‘pgrldlnlum

4

FluorosulfonateAAjL_
' Methanesulfonpiperidide (5 g) was dissolved in methyl <

fluorosulfzn?tg (10 ml) ang.jhe solution sealed in a Carius

tube. The tube was heald to 60° for 18 h and the product,

which_crystalliZed on cooling the tube, was collected and

.washed with dry methyléné chloride in a dry-box unaer —




- . 109

' nltrogen.-\Recrystalllzatlon from acetonltrlle— thylene
chlorlde solution gave colourless pla€éi, (81%) m.p.
. 120 {dec.). The n.m.r. Spectrum (CD CN) of the EJmethyi—
piperidinium salt showed 8 l 95 ?6 H, multiplet), 3.57

(4 H, multiplet), 3. 30 (3 H, s:.nglet) and 3.77 (3 _H,

singlet). Aanal. calcd. for CoH; F?qoss2 C 30.32; H'5.82;
: \ e
N 5.05; S 23.08. Found: C 30.41; H 5.90; N 4.98; 5 2j.02¢

,
»

Preparation of Ethxldlmethylﬁmethylsulfonyl)ammonlum

Flnorosulfonate (3) - C B

E—Ethy1methanésulfonamide'(S'g) was dissolved in methyl
fluorosulfonate (10 ‘\1) in a’'well-stoppered flask and the
solution left at room temperature for 16, days. The solution‘
was diluted with dry methylene chlorlde and cooledtn a
dry ice-acetone path. The resultlng cnfstalllne precipitate
was collected a washed with dry met!lylene‘ chlorlde in a'
dry-box under nitrogen. Recrystallizaéion fronLaeetoni-. -
trile-methylene chloridé solution afforded 2.8l g (28%) of
? tﬁe e€thyldimethylammonsium salt, m.p. ~ lOb0 (dec.)i The
n‘h r. speétrum showed (éD3CN)- § 1.43 (3 H, triplet J =7
Hz), 3.18 (6 H,‘singlet), 3.65 (2 H,”quartet, J = 7 Hz) and

Ve

3.75 13 H, 81leet). Anal. calgd. for C5H14FN05

H 5.62; N 5/58; S 25.48. Found: C 23.78; H 5.74; N 5.52;

'S 25.25. ¢ o ' :

Syt C 23.91;



_— for 3 days under er‘gitrogen, thep @iluted with dry |

3 - A - A ' L\‘ : 1 1 ‘UJ.

Preparation of Diethylmethyl (methyisulfonyl)ammonium .o,

h

. \ Fluofosulfdnate (4) o \i - ' . i c j

N, N-Dlethylgethanesu¥f6ham1de (10 g) was dlssolved in
methyl fluorosulfonate (20 ml) 1n a two-necked, round bottom

flask equipped with an.’inlet tube for dry nitrogén:and a

condenser fitted with a drying tube containing indicating

silica gel. The contents of the flagk were heated at 50° Py

- ‘4'
fmw L FT

' methylene chlorlde (50 ml) ‘and cooled in a dry 1ce—a¢etone

"bath.Y When crystalllzatlon appeared complete, the- dlethyl—

mothylammonlum salt was gollected and washed in dry
\\a . o
methylene chloride in aéiry box under n1trogen,,~y1eld 11.15 ..

g (64%), mﬁp. ~ lLSG (dec.), The product was used fbr
reaj[ions witﬁodt further purification. Af;er‘about 5_wk

in the dry-box, thg 3alt *became an dily'seﬁisolid.a However,
e - : “ S » , ‘ _
- & sample sealed in .ampotile, under nitrogen was kept for ..

°

) several mo withoq! noticeable dego&position. The n.m.r,

. spectrum showed: (CD,CN) = §.1.40 (6 H, triplet,.J = 7 Hz), .
o 8 —

' 3.11 (3 H, ”singlet), 3.66 (4 H, guartet, J = 7 Hz) and’a 70

(3 H, 51nglet) Am analyt1ca1 sample was recrystalllzed

v

. 'fro acétonltrlre-methylene chlorlde solutxon at -78%T Anal
e

J.f:d. for °C5H16FN°

C 2%.17: H.6. 68, N 5.28; S 24.13.
) ]

5 2‘

Founds - C 27.20; H 6.02; N 5.29; S 24.24. . ©
M . ¢ ey b .
Qo\’ < o
7 .
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sulfonate . ° >
§ S————————————— v

‘Into a 25 ml, thre cked, round-bottom flask fitted
N\ w1th«a)n1trogen 1nlet, erum cap and outlet tube was plaped

a sample of the trlmethy ammonium s&t (1, 140 mg) Water -

(2 ml) was 1nyected throughxthe serum cap to dlssolve the

o
- '

'Y
sa}t, %ollowed by the addltlon of solid sodlum hydroxide . -

e

(0. 276)4 Nltrogen was paseed over the surface of’ the basic .U

solution and the’ outlet tube of the flask rwas d;rected 1nto
‘an ethereal solut}on ©f picric ac1d (0.5 g). After about

—e"éo mine the resulting yellow precxpltate was collected and

washed with ether, yleld 106 mg,ﬁﬁz%) tr}me}hylammonlum
picrate.yihfte%?recrystafiizetioh'from hot‘wate:ffu.p3:215—;y
2170 (reported 216°, (25)'). . The. mixéd M. p. with authentic’ |
pigrate gave nd‘depregéign.;1 . ' i_ . R

- <o . o
© ' AR 4

C.. C ) ) ) <. - ~ 5' ,_‘ ‘
. gydrolysis of 1—Methyl-l%(methylsulfonyl)Eiper%dinium‘ ¢
° Fluorosulfonate = 3 ( - » '

TheiN—meEhylplperldlnlum salt (2 0.28 g, 1 mmol) was .

n

2 dlssolved in 5% aqueops sodium hydrox1de solutlon (5 ml) and”

Y

. ; stlr;ed for 5 mz.n.° The solutlon was extracted tw1ce w1th L o
o { .
ether and the extxacts drled., To the drled ethereal solutlon

was added a solutlon of‘plcrlc aCld (D 5 g) in ebher.' when

Q P

crystalllzation of N-methylplperzdlzgum plcrate was'lomplete, i

1t was collected and washed. with ether. The yleld was 280

9 A <

mg (85%). Recrystallizatlon from’hot water gave yellow




» ':01 “ o < ) 0’
needles, m,p. 145-147° (reported 148°,.{26)).° Mixed m.p.
H o ° ° : - L

A(\*zigk-guthentidnEfmethylpiﬁeridinium-picrete gave no
W : . S nm ' i . ‘ < ¢ ¢ 2 °
. depgession. ’ R

- ’ ’ [ $ o ’ © ¢ ; . s

- Hydrolysis of Ethyldimethylkmethydsulfonyl)amhonium °
23 & - . N - ©

D

¢ o > 2 . - Y

. Fluorosulfonate C . ' .o .

L=

. E) ° ) . i N f IA 2
The é@thyldimethylammanium salt” (3, 0.25 gre 1 mmoi)'waé
P Lo P oo s
~ dissolved in 20% agueous so%}hm_hydroxide (10 ml) cooled in
¢ = ) : L B § : o
an ice-bath. After .a few minutes, the solutlon was’

5 - . ‘ - =3

exfiacted°tdice with ethér and the extracts dried. . The

c e & o

ethereal°am1ne sogptlon was xeacted w1th plcrlc aC1d _as . -

-

p descrrbed for the N—methylplperldlnlum salf to glve 0. 15 g

(5d;;~ethyldlmethylammOnlum plcrate., Recrystalllzatlon

from hot water gave.yellow needlesv m .P.. 202 103° (reported

(3 s
-iQB—Sp, (@6)2. Mixed m.p. w1th authentlc ‘picrate gave no.

.

B, . o

déprqfsion. O

< s Q
had ’.f

P %

4ydroly51s of Dlethylmethyl(methyisulfonyl)ammoﬂlum R

ot

Fluoroegkfonate g " C :
n"bc e L &)

AT The dlethylmethylammohlum salt (4, 0.27 g, 1 mmoi) was

& .

bydrolyzed in 20% sodlum hydroxlde soluttontand ‘the dlethyla

methylamlne converted to the plcrate, as. descrlbed for &he

ethylélmetﬁylammonlhm salt , The yleid of plcrate ‘was 0. }6 g

(50%). ~ Recnystallzﬁatlon from hot water.gave yellow needlés,
° ! I " n

m. p. 183—184 (repérted 185° (26}44 Mlxed m. P- w1th

) authentle plcrate gave no depréssion. . . T s .

’ -
PR
I - : . 112
. = o, ¢ ) . P

<

- D'J




"Reactfons of Trimgthxl(methylsulfonyl)ammonium>Fluorosulfonate

ed

o ' v o
‘N o < . . 0
4 . . e q

1. Mesylation of Ethanoi- - .

’ " o <

The trlmethylammon;um,salt {1, 6;4Q'§)Qwas added to .

», . R c.

<

“absolute ethanol (3 ml drled;overgmolecular,sieves) and one

)

drop of pYEldlnewwas added:, After stirring at rooﬁ tempar-

ature for 1 h, the prec1p1tate was flltered off and washed s

with a Small volume ‘of absolute ethanoi The flltrate and s

<

washlngs were dlssolved in water 'and extracted three tlmES»
Wlth methylene chlorlde.o The extracts were washed brlefly
;w1th 0. 5:N hydfodhlorlc acid and. waterf then drled and the

solve carefully evaporated off to glve a clear, colourless,

o

volatlle 11qu1d (0.14-g, 65%)-. The spectra of the ethyl -

- .

mesylate were 1dent1cal with those of an aqthentlc sample

(vide 1nfra). The i.r. spectrum (film): 1350u(s), 1175 ¢

R ) : ) : ' i
18), 1610 (hs), 975 (ms), 920 (s) and.815 cm -1 (m): The

n;m.r. spectrdm showed (CDCl ): 8 1. 40 (3 H trlplet, J ="

7 HZ); 2,97 (3'H, singlet) and 4. 26 (2 4, quartet,.d = 7 Hz) .

A - N - . 0
5 ® 0

2.7 Mesylatlon of Benzyl Alcqhol : _ . f

Q

.Freshly dlstllled benzyl alcohol (108 mg,’l mmol) and
pyridine. (40 . ul) were dlssolved in dry acetonltrxle and

v cooled in an 1ce~bath (u&det a drylng tube) The trimethyl-
/

ammonium salt (l, 0.5 g, 2,1 mmol) was added and the . -~ »
\ —— ° . y s o

L3

: solution sti'rred fdr 5°‘minc.at 0°; 'The reaction solution'was
1

dlluted with methylene chlorlde and washed w1th 0 5 N hydro-

chlor1c~ac1dﬂhnd water (twlce) The methylene thorlde
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.
Cos . . . 114
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‘

golutlon was dried and the solvent eVaporatea to give a

[t N g

quantitative yleld (190 mg) of cléar, pale yellow benzyl ..

mesylate The spectra lndlcated very pure product 1denﬁ1cal

[}

_W1th the ‘'spectra of ‘an authentlc sample_ (74)-. The i.r. ¢

[

~ spectrum showed'(f11m)~ 1495 (w), 1455 .(mw), 1345 (s), ~

1165 (s, 960 (ms), 925 (ms) and 905 (ms) cml. The n.m.r.
spectrum showed (cnc1 ) : 8 2. 83\(3 H, 51ngletl,‘5.16 (2.1, = .
' sxnglet) -and- 7.30 (5 H, 51nglet). Precise mass calcd: for

[~]

CBHlOOBS ;?6.0350. Found: i86.0%58./

3. Mesylatdon of* 5a-~Cholestan-38-ol

To an ice-cooled solution of 3@-cholestanol (195 g, o

° 0.5 mmol) and one drop pyridine in dry methylene chloride
— (10 ml, under‘a;drying>tube) was added a solution of the’

. tfimethylammonium salt (1,°0.47 g, 2 mmol) in dry aceto-
. R Q ° . -
.nitrile (15 ml). The reaction solution was stirred for 10
N [ 4 “

gmdn, then diluted Qith'methylene“chloride andiwaghed with
0.5 N hydrochlorlc acid and water. ~The solution was dried
. and the solvent evaporated to yield a colourless solrd
(0.21 g,‘?O%). The cholestanyl mesylate was recrystallized i;

o

from ether-methanol so%utlon to glve °*colourless needles,
< m.p. 115-117° (reported 116.5-118.5° (75)). The. i.r.
spectrum (CHCl,): 1465 (w), 1350 (s), 1330 (ms), 1170 (s)
D and 920 cm‘"1 (5) The n.m.r. spectrum showed (cDC1,) - ; -

$ 0.4~ 2 2 (43 (12) H, multiplets), 2. 93 (3 H, 'singlet)

,and 4,3~ 4 9 (1 H, ‘broad mound)




¥ . . ,’f‘ .: . : . 115
o " This experiment was fépeated using one drop of dimethyl-
- aminoacetonitrile {DMAAN) instead @f pyridine as base. The

reaction was allowed to run for 5 min"at moom temperature,

©

then worked up as described for the previous  experiment.

“The ctrude yield was 0.25 g of colourless solid which was

-

.shown by t.l.c. to contain no unreacted starting material.
“Recrystallization from ether-methanol solution gave 0.17 g
(74%) cholestanyl mesylate as colourlesé needles, m,p.

'114-5°, e N ° .

When oq;y 10 ul of’DMAAN wés used, ﬁhe crude product
'(234 m%) was.shogn by n.m.r..and t.i.c.,to cdntain only 80%
cholestanyl mesylate along w1qp unreacted cholestanol ‘and
some minhor impurities (unldentlfled)

U51ng 2,6—d1-£fbutylpyr1d1ne.as base waé_found to give
oﬁly shalL amodhts of’theamesylate with the ﬁulk of the é-:
cholestandl (>90%) being recovered unchanged.“‘
When the cholestanol.was=a;ioY§d‘td react w}th/the salt
P

without base for 3.5 h, the crude oduct was shown by

n.m.r. and t.l.c. to contain the mesylate (~ 50% yield),

3

unreacted cholestanol and minor impurities. R

.
- c

‘4. Reaction of the Trimethylaqionium salt with Chloral
To a solution of freshly dlstllled chloral (1 ml 10

‘mmol) in dry acetonitrile (25 ml) was added a solution of

t

the salt (l, 0.24 g, 1 mmol) in acet ilé (25 ml), The

solutiod was cooled in'an ice-salt Bath to abdut -10 (uqder

[

a drying tube) and a small amount o Ylamine (2-4 -
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drops) ‘added. After 10 min at -10°, the reaction was
quenched with 0.5 N Hydrpchlorze aéid and extracted twice
withvmethylene chloride. The extracts were washed twice
with water, d}ied and the solvent evaporated‘to‘give é
crysﬁalline solid (6.37 é;. Récrystallization from benzene-
penté%e solptibn gave 0.1l1l.g (48%) colourless, crystaiiine
B—trlchloromethyl B-sultone, m. p. 105-107° {reported 106. 5-
107 5° (76)) The sPectra were 1dent1cal to thq&e of an
authentic sample. ‘The i.r. spectrgm (CH2C12):_ 1385 (s),
1220‘(3) end 810 cmrl (s). The n.élf: spectru? showed

(eDC1,): 6 4.7-5.2 (multiplets). g

5. Mesylation of p-Toluidine
(a) Withou# added base
Freshly recfystallized.Eftoiﬁidihe (0.21 g, 2 ﬁmol) was

diesoibed in:dry acetonitrile (10 ml) and Eﬁe_trimethyl—ﬁ

ammdnlum salt (l 0.10 g, 0.42 mmol) added with‘étifring.

After 5 min, the ‘reaction solutlon-was diluted with

"methylene chloride and washed with 0.5 N hyd%ochloric acigd

and twice with water. The metﬁylene chloride selution was

‘dried and'the~soivent evaporated to give'a.crystaliiﬁe

solid, yield 78 mg (160%). The crude_eﬁlfdnamide,melted at

102-103° (reported 103-104° (77)) and no impurities were

evident from tﬁe.spectra. The i.r, spectrum (CHC1, ) 3390

(mw), 3280 (mw), 1510 (m), 139d (m), 1330 (s), 1300 (m),

1155 (s) and 975 cm~ 1 (ms). The n.m.r. spectrum showed

o

-

-1
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»

kéDCL3l- 6 2. 58 (3 H, s1nglet), 2 93 (3 H, singlet), 7:08
(4 H, sxngl,et) and 7.2 (1 H, broad mound).

The trlmgthylammonlum salt (0.10 g) was dissolvéa in
dry acetopitrile and stirred at room temperétu:e for 1 h.
: Then,_e#cess p-toluidine was added and allowed to- react for

v

.5 min. The.reaction was worked up as described” for tﬁe

‘e

® previous experiment to give 63 mg (82%) of the me®hane-
sulfon-p-toluidide. Recrystallization from e;her-penéane

solutiah gave colourless plates (;B—mg, 62%), m.p. 10§-4°,
‘whose spectra were identical Fo those obtained in the

a

previous experiment.

3

fb) Reaction of the salt with base before addition of
E—tpluidine
o When é solution of_theatrimethylammoniu& salt [i,
0.10 é) in dry apetonitrile wés allowed to react Qithhone
droprof trimethylamine for 30‘se¢'before additiop of excess
.Eitoluidine, 39 mg pale xgllow need;es were obtained,
idehtif%e? as methylsulfény}methénesulfon-g—toluidi@e
("mesylmethanesulfpn-grtolﬁ;d%deﬁ) (yield 70%). Recryétal—~
1izétidngfrom chloroformdcaian t?kraéhloride solution gave -
fine neéd%gs{~m.p.f165—166°. _The i.r. bpqctrum'TQH2C}2):
3330 (me), 1510 (W), 1395 (m), 1325 (s), 1205 (s) and
‘1140 cm—l_(s). The n.m.r.: iséctrum showed (CDCl )/’ 6 2.33"°
(3 H, 51ng1et), 3. 26 (3 H, slnglet), 4.30 (2 H, singlet),

7 15 (4‘H, singlet) and 7, 0 (L H, broad mound) Anal. calcd




S N o

for C9H13NOAS2 C 41.06; H 4. 98; N 5.32;. S 24.31. Found:

C 40.85; H 4 84 N 5.425 S 24 13

<

When the trlmethylammonlum salt (L, 0.10 g) in dry

acetonitrile solutlon was allowed to react with one drop. of

LI ‘ .

pyridine for 1 min before addition of excess .p-toluidine,

‘the crude product (57-mg) was shown by n.m.r. to be a
mixture of -the methanesulfonamide and mesylmethanesulfonamide
in the mole ratio of 5.3 to I.

(<) With‘added base -

The-trimethyiammoniumasait (1, O. 24-&5 1 mmol) in dry
acetonltrlle -solution (10 ml) was added to a solutlon -of
E‘tdluidine (0.21 g, 2 mmol) and«t;}pethylamine (0.5 ml) in
,acetonitf§%§ {10 ml). After sgirring for:-1 min, tbe ‘
‘reac;ion was quenqhed with O.S_E Hydrochloric:acid and .
exgpaéted‘twice with methylene chlp#ide. ’The extracts
~"»{ere wa@ﬁéd w&;h water (twice), dr;ed and the solv;At

evaporated to give a colourless l,i'id,.(l'_Zﬁ mg) . The‘ n.m.r.

of'thiS/crﬁde'product showed both the methanesulfonamide

. \«, i
and’mesylmethanesulfonamide in the mol\1 ratio of 2 to 1, as"

well ag’ ethqr minor products. .
oL <t ’ ~

6. Mesylatlon of l-Borneol

3

To a solutlon of l-borneol (154 mg, 1 mmol) and .
P rldlne (one drop) in dry acetonxtrlle (20 ml) was~gdded )
the trlmethylamponlum salt (L, 0.5 g). After stlrrlng for

1 min, the reaction was guenched with 0.5 N hydrochloric
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acid and extracted with methylene chloride. The ,extracts
- N

\\\‘ were washed twice.with water, driéd and the solvent
eveporated to yield 157 ﬁg crystalliﬁe solid. The n.m.r. T

of the crude product indicated unreacted etarting nMaterial

.
’ °

plus a trace of porﬁyl mesylate (<5%).; '

. - N 4 .
In a series of experiments, l1l-borneol (77 mg, 0.5

“ 3

. mmol) was reacted'with_she trimethylammonium salt (0.24 g,
’ N ‘ e i L4 B ’
1l mmol) in the- presence of various tertiary amine bases. -

(.05 mmol, catalytic quantity). The salt was dissolved in C

5 ml dry acetonitrile and added withlétirring to the

l-borneol and base/{;'s ml dry meth¥lene chloride, cooled

f/f\\?\ in an ice-bath (drying tube}. The ice-bath was then
. [ '
L\ removed and the reaction .solutjon allowed to warm up to ' "
room temperature for logmin. The solution was poured imto

. *
0.1 N hydrochloric acid and extracted with methylene
chleride. The extracts were\wéshEG twice with water, dried
v . N 1

and the solvent evaporated. The crude products (crystalline

‘golids) wereé examined by n.m.r. (CbC13).to determine ‘the

extent of mesylation. The yield of recovered étaftipg

- ' ‘material and products accounted for over 90% of‘°the material  °
) balance in all cases. The results are summarized in Table L.
6. B o
. ' R
o * The n. m I. spectrum of l-bornyl mesylate is descrlbed © .
elsewhere (Vl infra).
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. Reactions of N-Methylmethanesulfonpiperidinium

. Fluorosulfonate

jkl; Mesylation of Sa-Choiestan-BB-gi

To a solutlon of cholestanol (195 mg, 0.5 mmol) and

ar*l;&rldlne (one drop) in dry methylene chloride (10 ml) was

added a solutlon of the N—methylplperldlnlum(salt (2, 0.28

R A

~g, 1 mmol) in dry acetonltrlle (5 ml) AfSter stlrring for
(:10 mln,,the reaction solution was\dlluted with methylene

[ I
a

chloride and'washed with 0.5 N hydrochloric acid and water

/

(twice), dried and the solvent e&ap@rated to give a colour-
less solid, 243 mg. The n.m.r. soectrum (CPCly) of the .
crpde‘pfoﬂuct showed, in add1t10n~td the peaks due to

cholestanyi mesylate, - two broad sxnglets at § 3. 2 and 4 6

» >

- 1in the ratio 3:2, By/anelogy to the spectrgm of bornyI L.

mesylmesylate, there were apparently due to cholestanyl
“ . <

. - . . N g o
HESylmesylate (methylsulfonylmethanesulfonate).? This by- -

product (yield ~ 5%) was not isolated or furtherx qbafacter-

1

ized. Recrystallization from methanol gave 145 mg (65%)

! coﬁ:urless,' crystalllne 38- cho]ﬁstanyl mesylate, m.p. 1l13-

L d
116°. The spectra were - .identical to those descrlbed above.

L4 " . ¢
v PR -

2. Mesylatlon of EfToluldlne

.

¢ . _ The N—methylplperldinlum salt GZ 0.28 1 mmol) Swas
‘u»dlssolved in dry acetonitrile (5 ml) and added to a stlrred
solution of recrystallized Eftoluldinef(Q.QI g, 2 mmol) in

- d%ﬁ methylene ohloride (10 mll; After 5 min, the reaction

4
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solution was diluted with methylene chloride and washed with

0.5 N hydrochloric acid and watei,'dried and the solvent

evaporated. The yield of the crude sulfonamide was PR
- quantitative. Recrystallization from ether-pentane solutien

gave the methanesulfon-p-~toluidide as colourless plates, -120

mg (65%), ﬁ;p. 102-102.5°. The spectra were identical to

r

" those described (yide supra);' ' '

. -] .
The reaction was repeated with pyridine-(SO ul 1 mmol)

a

added. The crude produyct (165 mg) was shown by n.m.r. .
(CpCl ) to coptain methanesulfon-gftoluldlde (80%) and

mesylmethanesulfon p-toluidide (13%)

[

When the N-methylpiperidinium salt (1 mmol) was allowed

to react with pyridine (1 mmpl) for 30 sec before addition

&

- of -excess EJtoluidine, the yield of crude. product (a viscous;

‘yellpw 0il) was only 33 mg.. The n.m.r. of this”ﬁate;ial .
’ o
(CDC1;) indicated the met#hanesulfonamide az?«mesylmethane—

sulfonamide fratio 5:1) as well as several unidentified
. + ‘
impurities. ’ : " : : v

3. Mesylation of l-Borneol

In a serles of‘eﬁperlments, l-borneolﬂwas reacted with

the gfmethylplperldfnlum salt (2) u31ng'var10us tertlarx ‘
amine bases. A solution of reerystallized'l—borneol (154 .
mg, 1 mmol) ,and basge (0.1 mmol) in dry methylene chloride:
(5 ml) was prepafgd and cooled‘:;-an ide~bath (under a .- ‘

drylng tube) ,To thls\was added with stirring’ a solut:u.on‘~

of the salt (ﬁ 55 g, 2 mmol) in dry acetonltrxle (3 ml).,
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o

A -

The ice—bath‘Was removed and‘the reaction solution allowed

>
to.war o room temperature for 10 min. .The solution was

poured into 0:1 N hydrochloric acid and extractedl with

methylene chloride. The extracts were, washed twice with

»

water, dried and the solvent evaporated to give a crystalline
solid (the yield of recoveged starting material and products

‘was over 90% in all §Q§es). The crﬁde pfoduct was then

3

examined by n.m.r. (CDC13) to determpgne the extent of

<

conversiomrr to the mesylate or mesylmesylate (tﬁe spectra of
. N -

these comﬁgdnds has been described, vide ‘infra). Table 7. \

N

summarizes the fesults.

»
L)

.Reactiohs of Diethxlmethyl(methylsulfonyr)ammoniuﬁ

Fluorosulfonate

1. Mesylation of 5a-Cholestan-38-ol

To an ice-cooled, stirred solution of 3B-cholestanol
(389 mg;Ylommol) and dimethylaminoacetonitrile kDMAAN, 10 ul,
distilled) in dr& methylene chloride }16“m1) was added a
solution of thécdiethylmethylammonium salt (4, 0a§2‘g, 1.2
mmol) in dry acetonitrile (1 ml). The reaction solution
was .stirred for 10 min at 0° (under a drying tube)' then

<

poured 1nto 0.1 N hydrochlorlé acid and extracted with

methylene chloride. The extracts were washed twice w1th &
¢ 4 A"
water, drled and solvent evaporated to give 471 mg (quantlt-

" o
ative yleld) of coIourlessJ crystalllne cholestanyl mesylate.




+

Recrystallization from methy*ene chloride-methanol solution
gave 367 mg (79%) fine needles, m.p. li8—1200, whose spectra

were identical to.those described (vide sugra). l

2. Mésyiation of Sa~-Cholestan-34-31

Epicholesﬁ?nol (389 mg, 1 mmol, containing abéut 10%
38~cholestanol) and DMAAN (10 ul) were dissolved in dry
methylgne chloride (15 ml) -and cooled in an ice-bath (under
a drying tube). To this was added"tth stirring a solution
of the diethylmethylgmmonium salt (4, 0.53 g, 2 mmol) in
dry acktonitrile (1 ml). The icé:bath was removed and the
reacgion solution was allowed o warm to room temperature
for 10 min, then poured into .1 N hydrochloric acid and
extracted with meihyléne chloiidef' )

The extracts were washed twice with water, dried and
the soléent evaporated to give 481 mg slightly yeliow solid.
The h.m.r. of the crude broduct:(éDCl3) sQowed the mesy}ate
{86%) and mesylmesylate {14%5*. The crude product was
titurated with hot petrQléum.ethgr (60?—800) tb dissolve\

the epicﬁolestanyl mesylate. The petroleum ether was then

evaporated off and the residue was treated with'aqtivated

‘charcoal in hethylene chloride. The colourless product was
. A )

[ ]
recrystallized from methylene_thog}de-methanol solution tq

'yield 339 mg (73%) fine needles} m.p. 112-115°. The i.r.

Qo

A -~

* The mesylmesylate was identified by.éharacééristic peaks
"at § 3.2 and 4.6 (ratio 3:2). See abowe.

~

[

a 3
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'spectrhm'(CHZCl ) 1355 (s) and-llSO cm"l»(s) The n.m.r.

spectrum showed (CDCl ) § 0.4-2. 3 (43 H, multlpletﬂ, 296
< Vo
@ (3.Hh srnglet) and 4.8-5.0 (1 H, broad mound). The t.l.c.

1nd10ated that the 3a—choiestaﬁylemésylate contained~aboﬂt4
10% of the B-mesylate. -

3. vMesyItlon of Ethanol N . e .
Absolute ethanol 458 uf 1 mmol dried over mol\tﬁlar

-

51eves) and "DMAAN (EO ul) were reacted with the dlethyl—-v

methylammonlum salt.(i, 0.53 g,, 2-mmol) as described for
. e]

3

3g-cholestanol. On worﬁdup, the dried extract solution was’

[ -, - K - - *
©  evaporated to a few ml of a rotary evaporator, then the last
- hd h N , oy N Y

~ -

- . N [#]
_of the solvent evaporated off with a steam of nitrogen at

= <]

réom temperature to give 142 mg of clear, voiatile 1iquid.
The érude ethyl mesylate was dlStllled under reduced
pressure (1 2 mm Hg) w1thout heating (rd\m/temperature) into
a colditrap, yield=95=mg (77%) ., The spectra were ‘identical
to tho;e described (vide supre); gnal. calcd. for C3H8Q3§.

1]

C 29.04; H 6.507 S 25.79. Found: Q 29.28 H 6.69; S 25.86.

T 4. Mesylation ef Cyclohexanol _ L 4

e

Distilled cyclohexanol (104 ul, 1 mmol, dried over

moiecular sieges) and DMAAN?(IO ul) were:reacted with the
‘diethylmethylammonium salt (4, l£53 g, 2 mmol) as described
for BB—cholestanolf. The crude X%?ld of cjclohexyl/meeylate

e .
was 181 mg of clear, colourless liqui¥. _ The product was

flash distilled under vecuum (<5 ﬁm,,Hé)_td give 140 mg (80;)'
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- pure mesylate. - The.i.r. spectrum (f£ilm): 1350 (si)pll75 (s)
a’ ;l o : ; - . c .
° and 940 cm” (s). The n.m.r. spectrum showed (CDCl,):

§ 1.2-2.2 (10 H, unresolved), 3.00 (3 H, sihglet)ﬂand 4.4~

9

5.0 (1 H, broad mound)._ -Ahal. calcd..for C_H)4038: -C 47.19;

H 7.92; S 17.96.- Found:" C 47.05; H 7.91; S 17.91.
. v ‘ . o -«
5. Mesylation of 1-Menthol *

=]

.. F:eshly sublimed l-menthol (156 mg, 1 mmol) and DMAAN' .

(lO ud) were*reacted w1th ﬂhe d1ethy1methylammon1um sait (4,
0.32 g, i.2 mmol) as descrlbed for 38- cholesteﬁol The

methylene chlorideusolutlon of extracts was washed thorehghly-

a

W1th several successive portlonsgof water, then drled and

the solvent eVaporated. The, cleagvllquld product was placed

(=1

under vacuum for 18 h to assure complete removal of soivent.
The yleld of l-menthyl mesylate was 231 mg (99%), which was
shown to be pure by t.1l.c. and spectra. The i.r.,speetrum
(£xlm) ¢ 1350 (s); 1175 (s) and 920 cm™l (s). The n.m.r. -

spectrum showed (CDCl;): 6 0.7-2.4 (18 H, multiplets) 2.97

-

- (3 H, :singlet) and 4.3-4.8 (1 H, broad multiplet). "Anal.

i calcd. for C11H2203S. C-SG.BQ;QH 9.47; s 13'§6'. Found:
‘ . s &7 o

C 56 58' H"9t4l, S 13.59. N ' ¢

~ ™ ‘
6. Mesylatlon of l—Octanol

Freshly dlstllled 1- octanol (0.13 g, 1 mmol, dried over

4 o'molecular 51eVes) and DMAAN (10 Hl) weére reacted w th the
dlethylmethylammonlum salt (4, 0.53 g, 2 mmoé%/ﬁs escrlbed.t

for 3B-cholestanol The crude y}eld was 202 mg clear, -

(3
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'\ﬂa colourieés 1iquid 'Tﬁe crude p;oduct‘was flash distilled :

under vacugm (l ym Hg) to glve 191 mg (92%)_pure lfbctyL,
. -

~

emesglate. The i.r. spectrum (film).: 1360 (s), fi?o (s)

1

and §50 cm ©- (ms). The n.m.r. spectrum consisﬁéd of (CDC13)5

L

) 0.8—2.02(15 H, unrééolvé@), 2?96»(3 ﬁ; singlet) and 4.2‘
(2 H, trrpleé; Q = 7 Hz).° Anal.-caled. for C9H2OO3S:

C 51.91; H 9.68; S 15.37. Found;. C 51.94; H 9.72; S 15.59.

‘- . A

-+ 5
7. Mesylatlon of Allyl Alcohol

‘%

Allyl alcohol (&7 ul -1 mmo;; distflled and dried over '

molecular sieves) and DMAAN:(IO pl) were reactedAwith the

s

-

|

diethylmethylammonium salt (4, 0.53 g, 2 mmol) as deecribed:
. for 3B-cholestanor»' The ‘crude yield was 137 mg clear
liguid. The <rude allyl mésylate was flash dlstllled under

vacuum (O 2 mm Hg) to yleld 110.mg (81%) fq%?nrless 11qﬁ1d, .
S S ? ' .
Theuprqduct underwent decomp051tlon within’a &ew hours at-

. room temperatqre, beComlng yellow in colour. The i.r.

\SPéctnﬁ*.(fiim): 1425 “(m):, 1350 (s), 1180 (s), 945 (s) and = -
840}cm‘1 (hs)i. The n m.r. spectrum shoWed (CDCl ): 6 8.0

- o s : » _
. © (3 H, singlet),‘4 68 (2 H, multlplet) and 5 2 6.3 (3 H,

multlpysts)u ~ ‘ o

= - .
< ' o

8. Mesylatlon of Phenol ' ’ .
. Phenol (94 mg,; 1 mmol dlstllled) and DMAAN (10 ul)
were reacted with the dlethylmethylammoqlum»salt (i, 0.32 g,

1.2 ﬁmol) as described for 3B-cholestanol. The crude phenyl
) o
mesylate (l§4 mg) ‘was recrys%allized from benzene—pentane

-

solutlon to give 137 mg (80%) colourless crystals, m.p. 59- 61°

‘ , . . T




0

‘(reported 59° (79)). The i.r. spectrum (CH,Cl,): 1490 (m),

;3;5_15), 1200 “tm), 1175%(m), 1150 (s), 970°(m) and 865 cm =

(s) The n.m.r. spectrum showed (CDC13) § 3.07 (3 H, o

51ngleta ahd 7.23 (5 H, multiplet). Precise mass calcd.

&

-jforwc7

.~

HgD3S: 172.0192, Found: 172.0171.

'=9: Mesylatlon of Benzyl Alcohol - &

K

Benzyl alcohoL (104 ul 1 mmol, dlstllled) and DMAAN'

o (10 ul) were reacted with the dlethylméthylammonlum salt (4,

0 53 g, 2 mmol) as descrlbed for 3B~cholestanol The yleld
*

of beénzyl mesylate was 176 mg, (95%) clear, colourLess‘

N k)

llquld, The spectra were ldentlcal to those desca;bed (v1de
supra) and indicated pure mesylate., Attémpts t0'dlst111 the ©

.’ «

‘ ,product resulted 1n spontaneous decomp051t10n to a coloq;ed,4v

'solld mass. ¥

- B
- . R »

=10, Mesylatlon of l Borneol ‘

i3 b a
Recrystalllzed i~borneol (154 mg, 1 mmol) and’ DMAAN

(10 ul) were reacted W1th the dléthylmethylammonlum salt

(4, 0.40 g, 1.5 mmol) as descrlbed for 38~ cholestanol The

crude yxeld of 1- bornyl mesylate was 245 mg of crystalilhe

o o

. -

solld which was shown‘by_n.m.r. to befa mixture of the
/ bornyl mesyléteﬂ(éQ%)‘and ihé’meéylmeéy}eee (ll%z;
. Rgcrystallization'fgpq'petrolehm ether (360-69b{ gave 179 .mg °
(77%) colouriess crysﬁaié,zm.ﬁ. 93-94% (repdrted 95° 180)).
The i.r. spectru@ (Cﬁzélz):,.x355f(s), 1180 (é)n 960 st)n

and 890’cm-'l (ms). The n.m.xr. spectrum (CDC13) eonsisted'
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of~2\0.7—2.2 (16 H, multiplets, 3.09 (3 H, singlet) and . ,.
4.86 (1 H, doublet of multiplets). The product decomposed
after several hours at re?m-temperature to a yellow~bfewn

solid,

©

When this reaction was repeated in 1l:1 methylene,‘
chloride: aeetohitrile solution (3 ml of each), the crude

prodyct (276 mq crystalline- 60lid) was shown by n.m.r. to

. . » .
Pe a mixture of mesylate and mesylmesylate in the.ratio -3:1.

b s 3 M t
When the solvent ratio was thanged to 1 ml methylene )

Chloride and 5 ml acetonitrile,,the.product.fatio fell to

o
c
2

2:1. : ’ X )

»
°

ip'afserieé et experime?ts, ;—borneex was meéxlated,

with the diethylmethylammonium'salt using various tertiary

- amine bases. A solutlonoof l-borneol (154 mg, 1 mmoluﬁgnd N
base (0.1 mmol) in 3-5 ml dry methylene chlorade was cooled ac.
in an lce-bathb(under a drylng tube) and a solutLon of the
salt (0.53 g, 2 mmol) in 3 ml dry acetonitrile added ther
et%rrinézfor lp min at Ob, the reaction §olutlon was poured
inte 0.1 g’hydrgchlortp'aéid'and ektracted witp metbylepe _ ¢
chloride. The extrdcts were yashed-twice with water, dried

-and the solvent evaporated. The crude products were tﬁen

e

examined by n.m.r. tO'determine the extent of reaction (the

LY . ® - 9

. : o
‘yields of recovered starting material and products wgre over.

90% for all cases). The results are suimarized in Table 0.

. .
° . v . . d
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li. l-Borﬁyl Mesylmesy&ate

Recrystalllzed 1- bornecl (154'mg, 1 mmol) and DMAAN
(10 pl) were dlssolved in dry methylene chloride (1 ml) and
a solution of the diethylmethylamhonium salt (4, 1\0 g,
3.8 mmol) in dry acetonitrile (squ) added with_stirriné.
After'la.min, ‘the reaction/301ution Qas‘Egured ineo 0.1 N
hydrochloric acid and extracted with methyilene chloride.
The extracts were washed twice w1th water, dried and solvent
eyapqrated to’'give 138 mg crystalline solid. ‘The crude

product was recrystallized~twice from petroleum ether (30°-

60°) to glve 72 mg (23%) l-bornyl mesylmesylate, ‘m.p. 65-70°

[ 4

~Kdec ) .. 'The l.r. spectrum (CH,Cl,): 1355 (ms) , 1330 (s),

(1230 (m), 1185 fms), 1145 (s), 955 (m); 940 (m), 915 (ms),

895 (s), and 850 cm” -1 (m) The n.m.r. spectrum (CDC13)
consisted of § 0.9-2.6 (16 H, multiplets), 3.20 (3 H, broad
éinglet), £.53 (2 H, broad singlet) and 4.97 (1 H, doublet
of multiplets). The product'deeempééed rapidly and was not.

characteriZed further.

12. Mesylation of t-Butyl Alcohol .

In an n.m.r. tube, Efbut{l alcohoi (24 ul, p.}S mmol,

'distilled from lime and stored over molecular sieves) was '

dlssolved in 0.2 ml CDZC12 and pyridine (40 ul 0.5 mmol)
added. This solution was cooled 1n dry—lce and the dlethyl-
me}hylammonlum salt (4, 0.13 g, 0.5 mmol) ‘n 0.2 ml CD4CN

added. The n.m.r. spectrum of the resulting solution was )

4
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o R . fo) o
recorded at a probe temperature of -5 , then at room

temperature.- At -50,.the peaks due to t-butyl aIcohol (6,

- 1,32 (9H) and 3.9 (1 H)) had disappeared and- were replaced

by a singlet at § 1.57 (9H) and a ‘singlet at 3.01 (3 H), -

apparently ascribable to E—Sht?l mesylate. After 2 h at -5°,

. . PPN | :
no appreciable change‘had'occurred in thefgpectrum, but on

warming to room temperature, within 20 min the peaks due to
t- butyl mesylate dlsappeared and were replaced by a 51hglet

at § 3.44 (3 H, CH3503H9, and a trlplet 1.68 L6 H, J = 1. 5

Hz), correspondlng to. 1sobutene (reported chemlcalpshifts
¢ 1. 70 and 4 66 respectively (82)) ,
In an attempt to isolate the t—butyl mesylate, t- butyl

afcohol (0 20 ml, 2 mmol) was mesylated with.-the salt (4,

1.06 g, 4 mmol) and pyridlne (0.32 ml,” 4 mmol) at —78O The

&

salt, in‘dry acetonitrile (5 ml) was addéd tb~@.solution of’
t-butyl alcohol-and pyridine in methylene chloride (25 ml)

cooled in a dry-icé-aceﬁbne bath “(under a drying tube).

©w

After 5, ﬁin, the resulting bright-yellow solution was poured

- “

into 100 ml 0.1.N nitric- acid slurrled with crushed ice.
Ice-cold methylene chloride was added and the whole wasg
shaken in a separatbry funnel. The methylene chlorjde layer

was ‘washed wrth an ice-water slurry, then flltered through
.

a cotton plug and eVaporated down on. a rotary evaporator

w1th .an ice-bath under the flask The remalnrng yellow

'!

llquld was examined by n.m.r. (CDC13) at -40°, but was found

to be’ only acetonitrile contalnlng a small amount of
4

1]

{

o

L



methylene ch%gride.' The t-butyl mesylate_had”appérently

deéomposed during work-up.

L

- 13. Reaction of the Diethylmethylammonium Salt with. Chloral

-

- Chloral (1 ml, ffeshly distilled from HZSO4) waé dis-

solved in dry acetonitrile (10 ml) and a small amount of ¢

diéthylmethylaminé added’ "(~4 drops) This solution was

_cooled to about -10°© (1ce-sa1t bath) and a solution of the

dlethylmethylammonlum~salt (4, 0.27 g, 1 mmol) in dry aceto-
nitrile (10 ml) added. After 10 ﬁin, the reaction éolhtion

> was poured into 0.1 N hydrochloric acid and extracted twice
P ’ , v ' -
: " with methylene'chloridg. ‘The extracts were washed with

water (twibe), dried and the solvent efaporated to gi&e 77 =

< h; pink liquid}which had. a strong odour of chloral. -
Crystallization from ether-pentane afforded 10 mg (4%) ¢ily=
érystals which were shown to be-contaminated B-tricﬁlorOf.

methyl-f-~sultone from the i.r. spectrum (vide supra).

’ This reaction was répeated,‘buf the diethylmethylamine
was added to the cooled solution of chloral and the diethyl-
methylammonlum salt 1n acetonltrlle. Work—up of the
reactlonh_as above,/gave a pale yellow liquid (~150 @g);
Atéempted‘éryétaklization of this material from ether-
pentane gave abbdut 12-mg~15%7 oi1§ crystals whose i.r.

spectrum“was{virtu;ily identical to that of the product )

obtained above. .
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14. Reaction-of:zgzﬁg;ethylméthylamménium Salt with an
Enamine , ) - |
The dlethylmethylammonlum salt (4, .27 g, 1 mmol)"in
a_.few ml dry’ acetonltr;le was added to freshﬁy distilled
1-(2- methylpropenyl)pyrrolldlne (0.25 g, 2 mmol) with stir-
‘;rlng. After 30 min, thg reaction solgflon was dlluted with
methylene chloride and'extracted with 0.5 N hydrochloric:
acid.' The extracts wefevwashed twice with methylene chlor-
ide, theﬁ:solidlgodium carbonate added until basic. An
oily‘léyer separated’and was taken up in methylene chloride
(two portioné). Thé.methylene ch%oride solution was dried
\éng evaporated to givgﬁllG mg-(Sfé) viscous, yellow oil.
The i.r. and n.m.r. spectra of this maté}ial indiéateé that
the enamine—sulféne cycloadduct was the maj;r product (see
below) but was contaminated wifh'unidegtified minor impur-
ities. The crude product was tr;turated withqthiee 10 ml

portions of ‘petroleum ether (30°-60°) S The triturates were

cbncentrated to ahod? 5 ml and allowed to crystalli;e at
_ -20° (frée;er). Tﬁf qrystals wefe_recrystallized from
- petroleum ether, y‘ield"zs mg (12%), m.p. 64-66° (reported’"
64.5-66° (5)). The i.r. spectrum (cﬁzclz):.’1457’(m), 1314
@ (vs), 1204 (8), 1108 (s). and 909 cm "l m). The mn.m.r. .
spectrum (CDC13) consisted of: 6 1.52 (3 H,b51ng1et), 1 58
(3 H, singlet), 1.80 44 H, multiplet), 2.46 (4 H, multiplet),
2.80 (1 ri, multiplet) and 3.92 (2 H, multiplet). The spectra
were identical to those of’an autﬁeg;ic'sample Ereparea by

e

E.A. Luinstra '(5).
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15. Mesylation of p-Toluidine

The diethylmethylamhonium 'salt (4, 0.10 g, 0.38 mmol)

. ' L4 . -
‘was dissdlved in dryracetonitrile (1-2 ml) and added to a

solution of excess p-toluidine (0.2 qﬂ recrystallized) in

dry methylene chlqride (5 ml). After 5 min, the reaction

solution was diluted with methylene chIQride and washed with f
&

0.5 N hydrochloric acid and twice with water. The méthylene '
o . , .

chloride solution was dried and the solvent evaporated to
give 67 mg (96%) methanesulfon-p-toluidide, m.p. 100—29.'

The spectré were identical to those described (vide supra).

—

Toluidine was mesylated with the diethylmethylammonium

"salt in the presence of various tertiary amine bases. The

~

salt (1 mmol) was dissolved in a few ml dry acetonitrile and

added to a solution of p-toluidine (1 mmol) and the base
-

(1 mmol) in dry mgthylene chlgride (s‘ml)- After 5 min, thé
reaction sqlution was diluted with methylene chloride and
"washed with 0.5 N hydrochloric acid ‘and twice with water.
The'golution was dried and solvént evaporaéed and the crude _ :
product examined by n.m.r. (EDCiB) to éetermine ity composi-
tion, Iﬁ all cases,'the methﬁnesﬁ%fonamide‘ana mesylmethane- .-

- g . e_ -
sulforfamide were the only detectable products. Table:1l1 C e -

I

. -
summariszes the results.

Mesylaéion of 38~Cholestanol: Comp&rison of Mesylating

L}

Reagents

To deteq.ine their relative effectiveness as mesYlating
- - _ - ’ 4

o reagents, 3f-cholestanocl was‘mesyiated with the'trimethyl—
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‘ammonium salt, methanesulfonic anhydride and methanesdlfonyl

- - [} . . .
" .chloride under limiting condﬁtions. Chblestanol (195 mg,

° o

0.3 mmol) and pyridine (0.16 ml, 2 mmolz‘ﬁere dissolved in

- dry methylene chloride (10 m1) and cooled in an ice-bath

-.—«-J—‘ ™~

(uqde} a drying tube). The mesylating reagent (2:mmol) wvas
'-dissolved in dry aceﬁonigrile (15 miL and- added to the

chilled cholestanol pyrldlne solution w1th stlrrlng After

30 sec, the reactlon was stopped w1th a few ml of 3 N hydro-

.. Chloric acid and the solution extragted with methylene

S

chloride. The extracts were washed briefly with 5% NaOH

and twice with water, then dried and the solvent evaporated.
e T - .t
The crude product.was examined By t.l.c. and n.m.r. (CDClB)
2 . . ‘
to determine the extent of mesylation. The results are

Ed

Summarized in Table 4.

* ~

. Mesylation of Cyclohexanol- Comparison of thé Salts and

o

Methanesulfonlc Anhydrldé as Mesylatlng Reagents

The four salts (1 - 4) and. methanesulfonlc anhydride
Vere used to mesylate cyclohexaLol at low temperatures to:
.Fompgre t@elr relative effectlveqsss as mesylating reagepts.
A.solutigﬁ of cyclohexano¥ (1 mmol, distilled énd dried
over moleculgr sieves)‘gnd pyriding (2 mmol) in dry
methylene chloride (10 ml) was placed‘in a‘th~neck
v‘around-bottom flask‘fltted with a drylng tube and a serum
cap, The flask and contents were cooled. in a dry-lce—
aéétqne bath and the reagent (salt or anbydrlde, 1.2 mmol)
'in'dfy acetonitrilé solution (5 ml)y Qas introducted through

4

-

VAL
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the serum caﬁ by means of a hypodermic syringe. After 10
min, the cold reaction solution“gas poured into 0.1 N hydro—
chloric acid and extracted ‘with methylene(éhloride. The
‘extracts were Qash%d twice with water, dried and the

;olvent evapor;tgg{ ‘The crude product*’waé then examined

by‘n.mzr. to determine the extent of formation of ‘cyclohexyl

mesylate. ~The results are summarized in Table 5.

-
.

v
[ 4

Base-Catalyzed MultiexchangeoEﬁperimentS

£
.

*

..

1. Reaction of the Trimethylammonium Salt with Trimethyl-
amine and‘Deuterihﬁ Oxide.

The multiéxcﬁange reaction procedure was based on
Luinstra's method with methanesulfonyl chloride (5), The
trlmethylammonlum salt (1, 0.95 g, 4 mmol) was added-to a
rapidly stirred solutlon trlmethylamlne (1- l 5 ml, ?10 mmol,
disgilled from CaHz) and deute{ium oﬁﬁde‘%Z.O ml, 111 mmols

in l,2-dimethoxxethane (DME, - 30 ml, distilled from CaH2 and ¢

a

stored over molecular sieves) at room temperature. The

reaction solution immediately became ¢loudy and a heavy,

0ily layer separated out. After 10 min, the mixture was
evaporated to dryness on a rfotary evaporator, then stored

< . ' i ~
overnight in a vacpum desiccator over phosehorus pentoxide.

3

El

x The products.were generally clean,” having a small amount
of methanesulfonic anhydride as the oply detectable
impurity {(presumably from mesylation of water). The

unreacted cyclohexanol was washed out during work-up.
[ ¢

»

o
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‘The colourless solid saltsiﬁhich remained (1.27 g,
100%) was converted to'the sulfonyl chloride b§ addition
of methylene chlorlde (50 ml) and excess pq‘sphorus penta-
'chlorlde This mixture wasystlrréd for 3 h at room
temperature, tﬁen fiiﬁe%ed to remove unreacted PCl5 and the
filtrafe céutiousﬁy washed with watef. The methylene
chloride layer was washed with several successive portlons
of wate; until the washings, were almost neutral on pH pape%
(pH = 6). The solution was then dried and evaporated down

. a
to a pale yellow liquid (0.20 g, 43%)}. The crude methane-

sulfonyl chloride was flash-distilled in a short-péth
apparatus at atmospheric p{iésure. The clear, almost

Colourless distillate was analyzed by m.s. fd determine the

™
-

deuterium cont -and distribution. Comparlson of the
relhtive inteAZigles of the peaks at m/e 79 80, 81 and 82
(CH3802) indicated the follow1ng comp051t10n for the methyl

group (85¢4 -atom % excess D): h ‘ ‘
‘ . N

. CH3 lc 3%
- CHZD Sl3 ’ =’
* CHD :29.2
2 o
- CD3 . 64.2 .

. « t o
2. Reaction- of the N-Methylpiperidinium Salt’ with

¢ - N-Methylpiperidine and Deuterium Oxide

» [ .
_This exfferiment was performed as described for the

e . ) - .
trimethylammonium salt using the N-methylpiperidinium salt
<t 1, . o )

v (2, 1.11 g, 4 mmol), N-methylpiperidine (1.21 ml, 10 mmol,




: ‘ 1
distilled from CaH,), deuterium oxide (2.0 ml, 111 mmol) and
DME (30 ml). The yield of dried salts was 1.54 g (97%) and

the yield of the sulfonyl chloride was 0.14 g (30%).- The

m.s. indicated the follgwing deuterium distribution from the

. . +
peaks at m/e 79, 80, 81 and 82 (CH 502 . 82.5 atom %

3
excess D):

] CH, 1.8%
. CH,D 9.4 ) .
CHD 28.4 N .
2 .
D, 60,4 )

3. Reaction of the Ethyldiméthylammonium Salt with
" Ethyldimethylamine an& Deuterium Oxide
This experiment was péxformed as described for the
trlmethylammonlum salt using the ethyldlmethylammonlum salt
(3, 1.00 g, 4 mmol), ethyldlmethylamlne(wl 0 ml, 10 mmol,
fdistilled from CaH2), deuperium oxide’(Z.O ml, 111 mmol)
and ﬁMEA(30 ml). The yiéld of dried jsalts was 1.32 g (92%)
semi-solid material. Conversion.to methanesulfbnyl chloride
yielded 0.24 qg. (52%) The m.s. indicated theifdllowing

deuterlum dlstrlbutlon from the peaks at m/e 79 80, 81 and

82 (CH SO2 , 78.6 atom % excess D): -
H ’ 3 . ! ‘ » M
u C 3 2% ]
L ] N .
CHZD 9.9
. CHI?2 34.7 _
' CcD .52.2
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4, %eactlgh of the Dlethylmethylammonlum Salt with
7
. Dlethylmethylamlne and Deuterlum Ox1de
. - ;v-
This experlment was periormed as described for -the ¢

=]

trimethylammonium salt using the dlethylmethylammonlum salt

[

. (4, 1.06 g, 4 mmollg dlethylmethylamlne (1.22 ml, 10 mmol, ‘Lb
distilled from CaHz), deuterium okide (2.0 mi, ‘111 mmol)

and DME (30 m)). The yield of dried satts was 1.41 g (95%)

‘viscoue 1iquiq? Conver51on to methanesulfonyl chloride

- . . b
v , yielded 0.18 g (39%). ‘The m.s. %?dicated the following

y K
deuterlum distribution from the peaks at m/e 79, 80, 81

' J

.
. N -

and 82 (éf’igz , 56 4 atom % -excess ‘D) :
’ : _ CH3 7.4% Eb'\‘ IR R

L ‘ - S CHpD 40.1 -

T -, . ~CHD 28.4

’ CD3, l24.i‘~
. S B ‘ )
5. Reaction of the Diethylmethylammonium- Salt with Diethyl-

. methylami®e and Deuterium Oxide in the Presenge of
" i

- Dietﬁylﬁethyldeuteiidammonium Chloride
. ) ) t, Yo
* Diethylmethyldeuteriogmmonium chloride (DNEt,
was prepared by reacting DCl gas (generated by,bau;ious

Me_él)

addition of D 0 to P g). with dlethylmetﬁylamlne in methylene

2
chlorlde solutlon. The resulting white preC}pltate.was 8

) collected and washed with meth¥lene chloride in a dry-box

+

. under nitrogen, The salt was dried o&er,bhosphorus pent-

- ‘ oxide (vacuum desiccator). The i.r. spectrum {@H,CN) showed

B broad baﬁds due to N-D (1750 —27pd‘cm-1), but no ' N-H bands.
“ . -2 ’ e ’
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"CN) showed: & 1.30 (6 H, triplet

The n.m.r. spéefrum .i(CD3 ’ o

'J — 7 Hz), 2.6% (3 M, triplet, J — 2 Hz) and 3.1 (4 H,

r g

‘quartet of multiplets, J = 7 Hz). No N—H_peak was visible.

The product=was éssumed"tonbe over 95% monodeuterated.

kg

The multlexchange experlment was performed as descrlbed

for the trlmethylammonlum.sa The dlethylmebhylammonlum
salt '(4, 1.06 g; 4 mmol) was“addped to -a rapidly stifred

1si f DN(CH_CH,).CH, C1 (2.5.g, 20 diethyl-
emu elon o) ,CH4) ,CH4 ¢ g, mmoy/«\ iethy
methylamine (1.22 ml, lO mmol), deuterium oxrae (1.8 ml,
io1 mmol*) and DME (30 ml) at room temperature. Evaporation

-

of the reaction solution gaVve 3.63 g (97%) semi-solid salt
P ‘ S Coe
mixture. Conversion' to methanesulfonyl chl'ggide yielded

0.24 g (52%). The m.s. indicated the following deuterium

. dlstrlbutlon€¥rom the peaks at m/e 79, 80, 81 and 82 ' . =

) < %

4CH3802 ’ 62 2 atom % excess DQ
s . ~ ’
. HCHB i lll 8% ‘ )
. . B D . . . T <
L CH, 24.2 '
L CHD,, ° 29.5 '
— . - .
.- . ‘CD3 34.5 . ; . )

*’ : 2 °

3

* The amount of Dzo was reduceé to compensate for the
addition of 20 mmol active uterium from DﬁEtzMe c1 .
The total amount of active d erium was thus maintained
at 222 minol. :

¢
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B - Pyridine-Catalyzed Mialtiexchange Experiments ‘
. NI Y o, . ! . ) )
. a 1. Reaction of the Trimethylammonium Salt with Pyridine’
< . . y - A

‘Fnd Deuterium Oxide .
N The trimethylammonium éalt'(i, 0.47 g},Z mmol) was
L4 . ., . . — - o

added to a stirred solution of pytrifdine (0.4 ml, 5 mmol) and-
deuterium oxide (5 ml). After-stirriﬁg at rQom’temp%Fature
“for 15 fiin, .the reaction sélugion was évaporated to dryness

on -a rotary gvaporé;of, then overnight in a vacuuim
;‘Ydesiécator obervﬁggspp;rus pentoiﬁde. "The driedusaik .
'mixture‘(0.68 g,‘QG%) was dissorvgd ;n\hethylene'chlqrideA
.(30 m;) énd'exéess ;hospﬁorus'pentagﬁloride added.l This
- mixture wascst;rred foy”3 h, then’the excess PCl5 was.

-

filtered off and the filtrate Washed'cautidusiy with water.

o * 2

» :The filtﬁite was washed with several successive portions of
' water until theé washings were almost neutral to- pH paper
- (p¥ = 6). The. solutién was dried and/the solvent evaporated

N to yleld 0. 16 % (70%) methanesulfonyl chlor;de. The crude

pr%puct was flash—dlstllled and the dlstlllate examined by

2 »

m.s. to detgrmln\ the deuterium content and:dlstrlbutlon.

e’.

Comparison ‘of thé” glat;ve 1ntensmtieé of the peéﬁs at m/e
79, 80 81 and 88‘(CH SO ) 1qd1cated Fhe follow1ng
comp031t10n for the methyl group (92.9 axom % excess ‘D) :
‘ 2. Ty

2.5 "

9.0

g6.1 -

©
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2. Reaction of the N-Methylpiperidinium Salt with Pyridine

-and Deuterium Oxide
This experlment was performed as descrlbed for the
- trlﬁsthylammonluﬁ salt using the N- methylplyérldlnlum salt
. i(z, 0.55 g, 2 mmo;), pyridine (0.4 ml, S/mmol) and deuterium

.« oxide (5 ml). ‘The yield of methanesulfonyl chloride was 55

r

-

- mg (24%). The m.s. indicated the following deuterium

dlstrlbutlon from the peaks at m/e 79, 80,. él_and 82

v

. (CH 502 , 96.6 atom’ % excess D)
) =~ . o

\ . CHy o 3 .
( ' 4 _/ CH D “0.9

_ _ ‘ . CHD, ‘8.0

g o ‘ $D3 9;.0

": . y. Reaction of the Diethylmethylammonium Salt with ﬁyridine

p and Deuterium Oxide- _ ‘ S

Bhis experiment was performed as described for the tri-
methflammonium salt using the'dietﬁylmethylammonium salt (4,

- 0,53 g, 2 mmol),. pyridihe (0.4 ml 5 mmol) and deuterium
. +

oxide (5 ﬁi).' The yield of methanesulfonyl chlorlde was 89

- -

mgw(39%).. The m.s. 1nd1cated the following deuterlum

. ' aistribution from the peaks at m/e 79, 80, 81 and 82

. KCH3502+, 91.7 atom % excess D): o ‘ ‘,.n~ -
| - h ééif; L -1.1% ‘ 5;7 ' L L
T LCHD 4.4 |
. R o ‘ cwD, 12,5 . o
o , -, " oepy ‘8’1'.9_ SRR , :
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4. Reaction of the Diethylnethylaﬁmoniuﬁ Salt witn Pyridine

and"Deuterium Oxide in 1,2—Dimethexyethane soluti¥n

The dlethylmetﬁylammonlum salt (4, 1 06 g, 4 mmol) was
added to a rapldly stlrred solutlon of pyrldlne (0.8 mi,q
10 mmpl), deuterium oxide (2.0 ml, 111 mmol) and DME (30
ml,, distilled from'CaHZ) at room temperature. Tne reaction

’ ;

solution immediately became cloudy and e‘heavy" oily layer

separated out. After 10 min, the mixture was evaporated to

= b

dryness on a rotary evaporator, then overnight in a vacuum

desiccator over ﬁhqsphorus pentoxide. The resulting salt

-
mixture (1.51 g) was converted to the sulfonyl chloride as
‘ described. above, yield 0.32 g (70%). The crude methane-
sulfonyl chloride was flash distilled and the deuterium
content and dlstrlbutlon Qf the distillate determlned by
. ' Mm.S. Comparlson of the relative peak intensities at m/e 79,
80, 81 and 82 (CH3502 ) 1ndlcated the follow1ng compos1t;on
for the methyl group (44.5 atom % excess D): - -
. ) 4
CHy ~ . 14.2% A _
. . © CH,D 48.4 ' : hd
- ' . @ .
2 3 CHD, 27.1
- e ' ) VCD3 10.3 ' ° " .
-~ . . e .
Multlexchange Experiments W1tn;BrTolu1d1ne IN-a5

- ¢
-

1. Preparation of p-Toluidine-N,Nfdj -

fﬁ,g;pideuterated éftoluidine was prepared by shaking an

L

" ethlereal solution of recrystal1izedw27toluidine (S‘g) in a e
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separatory funnel with .10 successive portions of deuterium

oxide (5 ml each) in a glove-bag filled with dry air. The

wet ethereal solution of p-toluidine-d, wés evaporated to
dryness (rotary evaporator), then-dried overpight'in a

vacuum desiccator over phosphorus péntoxide.' The n;m.r.
spectrum of the ex%paﬁaed material éhowed:noldetectable />
signal due to N-H and‘the’?roduct was assumed to be over 95%

was stored over P O5 and

§~dideuteréted{ The p-toluidine-d 2

2
used without further purificatién.

2. Reaction of.ﬁhe Trimethylammonium Salt with = ° ;/f—JfQ .
p-Toluidine-N ,N-d, | . ' : .
The trimethylammonium salt (1, 0.24 g, 1 mmol)  in dry ° .
acétqnitrile sblution (5 ml) was added with stirring to

excess p~toluidine-d_ (0.55 g, 5 mmol) in d%y methylene

2
chloride’ (5 ml). After 5 min, the'reactionwsoiuﬁion was

poured into 0.5 N hydrochioric‘acid and extracted with

methylene chloride. The extracts were washed twice with
. . H »

4

. » ‘s
Water,(::iedranq the solvent evaporated to yield 185 mg

(100%) thanesulfon-p-toluidide. Recfystallization from

ether-pentane solution afforded 140 my (76%), m.p. 102-104°.

o

The n.mfi. spectrum showed 61 atom % excess D on the sulfonyl

* (3
S

methyl grou‘CDCl;) . ‘kae' deuterium distr.ibutic}-nuwas S
determined by m.s. by cémparing,the relét}ve peéi intens-
itieé_at m/e 185, 186, 187 and 188 (molecﬁlar ion). . The _'
sulfonyl methyl group was found to have the folloﬁing

“' o .
composition (64.0 atom % excess D):

.
" ' : . Cairs
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I CH 8.1% -
3 ‘
CH,D 23.5 - )
] .CHDZ 36.4 2
| cp, - 31.9 |

. 3. Reaction of the g—Methylpiperidinium Salt with
Efioluidine—g,gfga
This exéeriment was perfo?ﬁgd as described for -the tri-
methylammoniﬁm salt, but using the E—meth&lpiperidinium salt -
(2, 0.28 g, 1 mmo}): The yieid of methanesulfon-p-toluidide
was 178 mg;(96%).' ﬁecrystallization from eéker-pentane
solution gave 152 mg (82%), m.p. 102-104°. The n.m.r.
spectrum indicated 60 atom % ekcesélD on thé sulfonyl methyl
group (CD613). Compariéén of the m.s. peaﬁs at m/e 185,
186, 187 and 188 (molecular ion) gave the following

coﬁpoéition for<the -sulfonyl methyl group (59.4 atom %
- ; R ~

’ N

. excess D)r g , . { ‘
i - “‘HCH3 13.0% .
CH,D °  24.6 | T
o cHp, 33 o o
CD3 - 28.6

4. Reaction of the Eﬁhyldimethylammonium Salt with
p-Toluidine-N,N-d,- - , ]
' This experiment was~pér£brmed as described for the tri-

methylammonium salt, but using the - ethyIdimethylammonium

A ‘ - o ]
salt (3, 9.25 g, 1 mmol) . The crude yield of methanesulfon-
" . ~ . , P _

i

-

. 0
£ A ’ r 4
N

=




- excess D): *

"
p-toluidide was 164 mg (89%). - Recrystallization from epber-
penﬁahe\i?lution gave 130 mg (70%), m.p. 102-103°, The:

n.m.r. spectrum indicated 49 atom % excess D on the sulfonyl

methyl group (CDC13). Comparison of the m.s. peaks’at m/e
' B

185, 186, »87 and 188 (molecuiar ion) gave the following

composition for’thé sulfonyl methyl group (48.8 atom %

CH4 2}.2%

CH,P 30.4 . ‘
CHD, . 29.3 . r
by, . 19.1°

5. Reaction of the DlethyLmethylammonLum Salt w1th
EfTOlUldlne N,N-d, . o \
. This experiment was performed as'desc;ib%d;for the tri-
methylammonium salt, but ﬁsing the diethilmethylammonium
salt (4, 0.27 g, 1 mmol). The crude yield of'meth’gSulfon-

p-toluidide was 170 mg (92%). Recrystallization from.ether-

pentane solution gave 120 mgﬁ(65%), m.p. 102-104°.° The

¢

R.M.T. speétrum indicated 32 atom % excess D on the sulfonyl

‘ . ) . ]
methyl group (CDCl ). Comparison of the m.s. peaks'at m/e

185, 186, 187 and 188 (molecular ion)gave the follow1ng

compOSLtlon for the sulfonyl methyl group (32.6 atom %

excess D).

! < 1 » ‘J" : v
CH3 34.0% .




CHD2

CDy 7.3

The diethylmethylammonium salt (0.09 g, 0.3 mmol) in

5 ml dry acetonitrile was reacted with a large excess of

&

E—toluidine'—d2 (2.20 g, 12.3 mmol, 37-fold.exces§) in 10 ml

.dry methylene chloride. The reaction solution was worked up
as described for :;ﬁ/trimethylammonium salt reaction to give

63 mg (100%) meth nesulfon—E%toluidide. Recrystallization

from ether-pentane solution gavé 31 mg (50%), m.p. 102, 5~-"

103.5°. The‘n.g!r. spectrum showed 32 atom % excess D on
. ‘." . ’ Lt Lo .
"the sulfonyl methyl group (CDC13Y. Comparison of the m.s.

peaks at m/e 185, 186, 187 and 188 (molecuiar ion% gave the

following composition for the sulfonyl methyl grgup (32.6 ’

;tom % excess D): B , . -

26.3%
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II. a-Hydrogen Efchange'in l,3—Dihx@robenquglthiQEhene'

2-0Oxide
)

LI S

Preparation of 113—Dihydrobenzo[glthiophene 2-Oxide (33)

To a rapidly stirred solution of sodium metaperiodate
. ) .

. (25.7 ¢, 0.)2 mol) in water (230 ml) was added dropwise

molten 1,3-dihydrobenzo(c]thiophene (14.8 g, 0.11 mol (54)).

The mixtgré &aé’spirred at room temperature for 1 h, then
;cooled ﬁo,po for 3 h. The thte precipitate (sodium %odate)

was removed by filtration and washed wi%h cold water. The

»

“filtrate and waéhinés were extracted three times with

methylene chloridg. {Thé extracts were dried and the solvent
O

evaporated to give yellow crystals (16.4 g). The crude

sulfoxide.waS“dissolved in ether and filtered through

.

neutral alumina to remove the coloured 1mpur1t1es. , The

é@her was evaporated and the crystalllne re51dge recrystal-’

3

lized from benzene-pentane solution to give 15.6 g (94%)

colourless platés} m. p. 891910.' The i.r. spect;um (CHC1l,):

1485 (wy, 1210 ‘(w), 1125 (w) and 1040 cm™l (s). The n.m.r.

spectrum consisted of (CDC14) : AB‘qﬁartet; §5 4.13 and
- " 8p 4:28 (4 H, I = 16 Hz) and 7.35 (4 H, singlet). With
'Eu(dpm) shift reagent (0.3 equiv): AB quartet, 6 6.92

and &g 5.73 Anal. calcd. for CBH 0S: C 63.13; H 5.30;

8
$.21.06 Foupd C 63.35; H 5.49; S 21.18. ' P




Pfeparagion of t;gns—l,2—cis—l,3—dideuterio—l,3—dihy§fo£ ’

benio[é]thiephene 2-Oxide (5B)
L To a stirred, ice-cooled solution of NaOD in D,0 (10
mix O.lcﬁf was added l,3-dihydrobenzo[g]thiophene.2-oxide
(0.76 g, -5 mmol) .. This solution’ was stirred at 09 for 60
min, then quehéhedxwith 0.1 N hydrdchloric acid (12 ml) acd
extracted twice with methylene chldride. The‘extrects were
dried and the solvent evaporateé‘to give-a quantitative
'yielc of crystalline'gclfoxide.: Recrystallization from
benzene pentane solutlon gave colourless plates, mt p. 89—509.
The n.m.r. pectrum showed (CDTl,y): -5 4.12 (2 H, triplet, °

. . =
QH D= 2.2 Hz) and 7.35 (4 H, singlet). With Eu(dpm)4

shiftereagent (0.3 equiv): 6 6,87 (2 H, triplet, J; , = 2.2

Hz) . Combarieon-of\thé m.s. peaks at m/e 152, 153, 154,
155 gnd l56~(molecular ion) gave the following dehterium

distribution: dg 0 dj 6.0; d, 79.0; d3 12.6; d, 2.4%

(26.4 atdh\% excése D). Anal. calcd. for C8H6D205. 25.00

atom % excess D. Found:  25.50 atom % excess D.

X3 v
- v

4 N ’ ’ ” . )
Preparation of 1;1,3,37Tetradeuterio-l,3—dihydrobenzolgI— ;

thlophene 2-Oxide’ ;gz_

A solution of 1,3~ dlhydrobenzo[cﬂthlophene 2<oxide (1
g) in 0. 1 N NaOD (25 ml) was warmed at 50° for' 1 h. The
reactxon was quenched with 0.5 N hydrochlorlc acxd (10 ml)
. and extracted thh methylene chlorlde. ‘The extracts were
. » .

dried .and solvent evaporated to. give the cnystalllne sul-

foxlde (f 0 g, 98%) Recrystallizatlon fromﬁben;ene—pentane

- - ? b 3

/’ . ? 4 ¥ 4 y
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solution gave colourless plates;, m.p, 90-91°.. The n.m.r. R
4 .

spectrum indicatéd quantitative exchange of the benzylic

2 ; \ ‘
protons. Comparison of the m.s. peaks at m/e 152, 153, 154,
155 and 156 gave the following deuterium distribution:

dg-4d, 0; d, 5.3; d4 94.6% (49.3’atom %}excess D). Anal. ",

3
calcd. for C8H4D4OS: 50.00 atom % excess D. Found 47.85

atom' $§ excess D.-

Preparation of cggwl,Z-ggg—l,B—Qideuterio—l,3~dihydrobenzo—

ngthiophene 2-Oxide (3g)

The tetradeutefaféd sulfoxide (400 mg) was. dissolved

in aqueous sodium hydgoxide (10 m}, 0.1 ﬁ) at 09 and allowed
to react for~§ h. The reactionﬁsolution was quenched with
O.SNE hydrochloric §c§d (4 m})‘agd g%tracted‘with methylene
chléride. The extracts wera~dried and thé'solveﬁt evaporated
to give crystélline sulfoxide (391 mg, 99%). Recrystalliz-

s

ation from benzene-pentane solution gave colourless plates,

- -

340 mg (86%), m.p. 89-30.5°. The n.m.r. spectrum showed

(CDC13):::6 4.25 (2 H, triplet, gﬂ D = 2.2 Hz) and 7.31
R . < !

(4 H, singlet). With Eu (dpfn) 4 shfft reagent (0.3 eéuiv):
6§ 5.81 (2 H, triplet, ia'b
m.s. peaks at m/e 152, 153, 154, 155 and 156 gave the

~ 2.2 Hz). Comparison of the

L) : . 4 . . e
following deuterium distribution: do'G ‘dl 10.6; 42 71.6;

5.1% (26.5 atom § exc¢ess D)., Ahal. cal¢d. .for

4

d3 192 . 6v; d
Caﬁébéés:, 25.00 atom ¢ excesg D. Fouhd 24:90 atom %

.

excessg D.
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Measurement of Deuterium Exchange Rates in Agqueous Medium

L
e
k4

1. l,3—Dihydrobenzo[g]thiophene52—gxide

. o

. P c -
The rate of exchaﬂpge of th‘hydrogens trans to the .

oxygen was much faster than the®xchange .rate of the cis-

1 ’ .
hydrogehs, sp that tlle exchange of either set could be /P

studied separately. In both.cases, a soluticn (25.0 ml)

of the sulfoxide (10.06 mmol, 0.40 N) in 0.1 N NaOD-D,
. N N
-

was prepared at 5.0° and 2 ml aliquots were withdrawn at

0

fd

ﬁpprogriate intervals (2 min for the trans hydrogens or
v / L]

60 min for the cis hydrégens). The sampies‘were quenched
in 0.5 N hydrochloric acid (1 ml) and tHe partially

€ recovered by'gxtraction with methylene

é;changea sulfo
chléride. Thevcrudgkgamples were recrYSkallized from
benzener-pentane sol;tionoand th% n:m.r; spectrum of each
on a Variap,T—GO n.m.r > spectrometer

. equipped™with a si al-lock device. The samples were run
in C?gié/:;MS) solution with an equaf'yeiéhghof Eﬁ(fasé3
ercént exchange 'of either the trans
or cis hydrogens was de_”rmined by compéring the integral -
for these'hydrogené'witﬁ
plot of log (100:% exchénge ;nsfdtiﬁe‘ﬁas then made for
bpg:h:tt{e E_x:a_rl; an;i g_j._é_‘hydrogéns.‘a‘nd the slope’ .(ols.tained by
method of least squa;es) Aultiﬁlieq by 2:303,lthgreby

" giving aireétiy the pseudo~first~order rate constant for

each trans or cis hydrogen. ' ) ‘

fied

. L3




o

A. Kinetics of the trans-hydrogen exchange of },3-dihygdro-

. ¢ benzo{c]thiophene 2-oxide in 0.1 N NaOD

¢ N .

* Time (min) Exchange (%) - (100-% Exch) Log (100-% Exch),

- . »

0 0 100 _ 2.00
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B. Kinetics of the cis-hydrogen exchange of 1,3-dihydror

. "~ ’ 4
N . . ‘e ¥
- . begzo[g]thiophene 2-oxide in 0.1 N NaeD . .
N - “ - . ® . : b : - , -
. . ° "
.- . Time (min) Exchange (%) £100+% Exch) Log (100~% Exch) -
. , > . ¢ . g -
. -~ )
0 ¢ 0O 200 . - ,2.00 :
- . T : - )
61 2.9 87.7 . ®1.94
. °o )
i - o® N o ) , e ' A

120 . 21.0




] s -
o
-

2. Benzyl Methyl sSulfoxide ' ‘
The erchange—rate difference between the diastereotopic

4 . v .
* benzylic hydrogens of benzyl methyl sulfoxide was nodt
sufficiently large to allow dgtermination of the individual

‘rates, so a special graphic method was used. .A solution

(20.0 ml) of benzyl methyl sulfox;de (8. 00 mmol, 0.40 N) in

-

., 0.10 N. NaOD—DZO ‘at 5 0 was - prepared Aliquots (2 ml) were
.withdrawn and guenched in 0.5 N hydrochloric acid (1 ml) at

suitable intervals (2 h for the fast exchange or 12 h for

i the slow exchange)— The sulfoxide was isolated by extraction
into methylene chlorlde and purified by recrystalllzatlon
- »
from petroleum ether (30° 600) The n.m.r. spectrum of each

'

.sample was recorded on a Varlan T—60 spectrometer w1th

¢ -

31gnal—lock dev1ce and the total amount qﬁtexchange of the .
beniylic protons detefmined by-integratlon. The rates of
exchange of the two hydrOgens were calculated’ (usrng the

method of least squares) fgpm a plot of log (100-% exchange)

against time’ (Flgure 12). The slower pseudo-flrst-order

.

exchange rate constant was determlned dlrectly frpm the

a

-linear. part of the graph and the best slope extrapolated
’
back to,t = 0. The logarlthms of the. dlfferences in (100 %

¢ exchénge), derlved from- the dlfferences between thls line

and.the data for the tasteriexchanging proton, were plotted"

‘

as a funotiOn‘of,time‘to give a linear slope from which the

L4

faster rate constant (pseudo-first-order) was calculated.* -

g v
.

0a .. , - L. h
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A. ﬁinetics of the slower hydfogen exchange of benzyl
methyl sulfoxide in 0.1 N.NaOb . '
Time (h) Exchange (%)* (100-% Exch) Log (100-% Exch)
T 0 o Q\ . 100 , 2.00
12 a1.9' 58. 1. 1.76 '
24 T 50.0 - 1.70
36 ¢ . 54.6 . 45.4. : 1.66 \
" 48 56.4 ' . 41.6 1.62 )
60  59.6 40.4 10l .
72 . 62.8 37,2 1.57
.84 63.3 . 36.7 . 1.56
p # : . .,
i/ ~‘ \ N
YA -TI 65.1 34.9 1.54
‘108 - °69.6 30.4 ' 1.48
168, 77.3 - . - 22.7 ) 1.36
. ,g//ﬂ//\ ok, = 1.4 x Iofssec-l ‘

* pPercent exchange of both benzylic hydrogens.

<
’ .

* !




-~ ° P4 )
L
P

-B. Kinetics of the faster hydrogen exchange of benzyl

methyl sulfoxide in 0.1 N NaOD

Al 4

Tifle Exchangs (100~ - Log (100~ A(100- . Log A (100-
" (h) . (%)% $ Exch) $ Exch) v % Exch)t $ Exch)
. J .
0 0 - 100 2.00 45,2 1.f66
.y ' : :
2 11.8 88.2  1.95 . 33.8 1.53
. ' !
4 20.38 79.2 I.90 - 26.3 1.42
4 6 23.8 + 76.2 . 1.88 . 23.9 " 1.3
. 8 29.1 2 70.9 1.85 119.0 -1.28
10 34.6 65. 4 1.82 4.0 1.1s
R | e
12 37.9 62.1 1.79 11.3 - 1.,0%
N |\ y - - L]
. ~ 14 43.5 . 56.5 1.75 6.3 . 0.80
16 4473 '55.7  1.75 6.0 0.78
18 48.4 51.6 1.71 . 274, 0.38
- _— - g »
20 . 48.4 51.6 1.71 2.9 0.46
. . ) =
o kl = 3+.12 x 10 5sec 9 ,
] 4
™ — ' . r, ) U , .
4 1 .t ! !
f . * Percent exchamge of both benzylic hydrogens.
N ’ - ' N \
t+ Derived from Figure 12.
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a-Exchange of l,3—Dihydrobenzo£gjthiophene 2-0Oxide via

the Lithio Salt

Typically, the sulfoxide* (1 mmol) was dissolved in

- 4

30 ml'tetrahydrofq:an (freshly distilled from calcium

hydride) under nitrogen and the_eolqtion cooled to 0°.

I4

Methyllithium kl.l mmol, in ether) wgs then added to the
rapidly stirred. solution fhrough a serum,cap,‘using a

5hypodermfc syringe; The resdltfhg yellow solution was

.

rapidly quenched (w1th1n 10 sec) with DCl- D20 {1 ml, -~4'N)

Or agueous HC1 (5 ml, 0.5 N). This mixture was qulskly

b

worked up by diluting with water and ex\facting tw1ce w1th

methylene chloride. The extracts were drled and the

solvent evapoiated The re31due was transferred 1mme@iately
to . a thlck—layer 511fba gel plate and developed w1th ethyl

acetate.: The first band above the baseline Was 1solated
\ ¥
treated with decolourizing carbon, and crystalllzed from

benZene-hgn;ane solution. Recrygtallization gave colour-

L

-

less plates with sharp melting pdints (yields 50% or better).

- The producgs were examined by“n.m}r., m.s. and qguterium

analysis to determine the change in deuterium content and

the stereochemistry of the exchange. The results are,

1

summarized in Tabfe 22.

’ 7

* The sulfoxides used were~ (a) non-deuterated (5a);
(b) transwl,2-cis-1,3-dideutérated (5b); (c) cis-1,2-
cis-1, 3-aideuterated (S¢c); (d) i, 3-tetradeutérated (Sf)

-

/

o
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bl

when 1,3-dihydrobenzo[c]thiophene 2-oxide ‘was treated:

with, methyllithium (as described above) for 10 min before

<

aééitfon of DC1l, the:purified product (~30% yield) wae sﬁqwn
by n.m.r. (C?ClB) to contain 12 atom % excegs D. Comparison'
of the m.s. peaks at m/e 152, 153, 154,:155 and- 156

(molecular ion) ‘“showed the following deuterium distribution{
a

do 19.?; d, 68.0; d, 11.9; d5 0.5; d4 0.4% (ll.9Aatom %

excess D). - ‘ . >

. 2 mmot of methyllithium under the conditiops described above:

Treatment of Ehe'nQn;deuterated‘sulfoxide (1 mmol) with

v . 2 Y

followed by rapid quenching with DCl gave a low yield of
purified ‘product (24 mg, 15%). ¢ The n.m.r. spectrum (CbC13)

indicated 19 atom % excess D (or about 1.5 deuteriuﬁﬂatoms

L

. per molecule) Comparison of the m.s. peaks at m/e 152 156

Y 2R P (developed with methylene chloride). The n.m.r.

(molecular jon) indicated the follow1ng deuterium .

2 7 -3 T,

L]

‘[distribdtion: d, 4.0; dl 60.2;°d, 31.5; d_ 3.9; 4, 0.4%

4

- (17.1 atom % excess D). i ’ ¥ ‘ R

"The non;deuterated sulfoxide (76 mg, 0.5 mmol) in dry
tetrahydrofuran (40 ml) wag treated with methylilthlum
(0.5 mmol) at 0° as descrlbed abowve and allowed to stand

L]

at:0° for 10 min. Then the tetradeuterated,sulfoxlde (78

mg, 0.5 . mmol) in.dry THF (5 ml) Qas added and the solution
left for:10 min more. The reaction was quenched with 0.5 N
hydrochloric acid and worked~ﬁp in the usual manner to give

an 6ily product (127 mg, 83%). The\product.was purified by

. s

M

spectnum (CDC13) showed considerable exchange of the
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benzyllc hydrogens as manlfested by a decrease 1n the size

'of the AB quartet pattern of these hydrogens and the appear-

ance of a CHD triplet, estimated to be equal in area to the

.
o -

CH2 quartet., When this’ experlment wa repeated but with °
rapld,quenchlng (within a few sec) after addition of the ot
tetradeuterated sulfoxide, the n.m.r. ;;:ctrumj(CDgf;) of )
the product 1i§7 mg, 87%) indicated only a trace of

-

exchange (CHD prodqcts,‘<5%).

Competition of 113—DihydrobenzoLgl;hiophene 2-Oxide

and Berizyl Methyl Sulfoxide  for Methyllithium g ' LT

The cyclic¢ sulfoxide (55, 152 mg, 1 mmol).and benzyl

-~ o’

ﬁethyl sulfoxide (308 mg, 2 mmol) were dissolved in dry tetra--
hydrofdran (40°'ml, freshly dxstxl}ed from calcium hydrlde)
under ﬁitrogen*m. Thls»solutlon was codled in a‘d;yflee—
acetone batqh‘ and methyllithium (1 mmol, in ether) was added
through a serum capv(hyPodeﬁmic syrinde). The resulting |
.- yeliow solution ;as guenehed.withinrlo secC with DCi—DZO (1 -
ml, ~4 g)\and workea up by diluting with water and extract-
ing twice with methj‘fne chloride. The extracts’were dried,
treafed wi;h decolourizing carbon, and the solvent evaporated
to give a yellow oil (41? mg, 90%), The n.m.r. spectrum “
(CDClB) of ‘the crude product showed no detectable impufities.
From the 1ntegrat10n, the ratio of deuterlum 1ncorporatlon

43

v
for the cyclic‘sulfoxide.gg_ggpzyl methyl sz}foxlde-was-about"

.,
. .

11 to 1. ; C . . oo

- , - A -

i

* The ratio of sulfoxides gives a 1: 1 ratlo of benzyllc
hydrogens o to the sulfinyl groups, . .
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- III. Steric Course of Formation of Benzocyclobutene .
. , ) ® '
by Thermal Desulfonylation of 1,3-Dihydrobenzo-

. . !glthlbphene 2,2—Dioxide . /

aa Preparatlon of g;a—l "3~ Dldeuterlo—l 3- dlhydrobenzo[gl-

‘thiophene 2, 2-Didxide (£3)

To a stirred, ice-cooled solution of 30% aqueous

bydrogen peroXide (5 ﬁl) inlglacial acetic acid fS'mlf was
' added drop-wise a solution of c¢is-1,3-dideuterio-1,3-
. R — r . o

. dihﬁdrobenzo[g]thiophene-2—oxide* (5b, 1.3 g, 8.5 mmol,

-

25.50 .atdm % excess D) in glacial .acetic acid (2-ml). The
"" reaction solution was  stirred at réom temperaﬁuré for twd

v, days, then diluted with water; The result&ng crystalllne -

s ' F

p;eC1p1tate was collected and washed w1th water to yleld

l 55 g of the sulfone. Recrystalllzatlon from methylene

(Y]

chlorlde pentane solution gave 01s-d1deuterated sulfone as
colourless needles, 1. 13 g (80%), m. p. lSO-lSl° (repbrted
/150-.:1,,510 (57)). ‘'The i.r. spectrum (cnc1 y: 1320 (s),
1185 (s), 1115 (m) and‘llaqﬁem’l_ (m).. The n.m.r. spectrum
shc{wed (CDC13): & .{.30 (2 H, triplet, J. _ = 2.3 Hz) -and

—H,D
7.31. (4 H, multiplet). The n.m.r. integration gave 26.6

[

‘ato@'% excess D. From comparison of the m.s. peaks at m/e

-~

168, 169, 170, 17i;and~172 (molecula; ion), the product was .+

found te have the

ollowing deuterium distribution: -«d, 0: '

* ‘ dl 6.0; d2 8127;‘d3 11.1; d4 1.2% (25.9 atom % excess D): \

A

LY : N

* For the pxeparation of this sulfoxlde, see P. 148.

% ' ' *
v X . . -

P



" Preparation of a;d'-Dideuterro—u,a'—dichioro;grxylene

L : - -

-~ -
Preparaticn of o, -Dldeuterlo—g—xylene a,a'-diol

R S 181

5 o )
A solution of phthalaldehyde (3.1 g¢ 23 mmol; Aldrich)

in-ethanol-g (10 ml) was' added-slowli to a stirred,‘ice—

‘cooled solution of sodium borodeuteride (l 0 g, 24 mmol ,

Merck Sharp and Dohme) in efhanol d (10 ml) After stirring’

at room temperature for 2 h the reaction mlxture was

~diluted w1th water, neutrallzed cautlously w1th 6 N hydro-~

chlorlc acid and extracted with methylene chlorlde. The
extracts were drled and the solvent evaporated to give an
oil (2.97 g, 86%) Crystalllzatlon from ether- pentane
solutlon gave pure phthalyl alcohoL—a o —d2 1.22 g (35%),
m.p. 60.5-61.5° Treported 65-67.5°,- (83)). The i.r. o~

spectrum (CHCl.): 3610 (w), 3100-3600 (broad), 2350 (vw),

3
2150 (vw), 1195 (m), 1020 (m). and 725 cm~ 1 (m). The n.m.r.

spectrum’ showed (CDCl ' 6’1 25 (2 H, broad mound), 4,49

(2 H, broad singlet) and 1 25 M4 H multlpletk, “Thte n.m.r.

lntegratlon gave 20 0 atom % eacess D. .

-
LI

Phthalyl alcohol~a,d'-g2 (a,a'-dideutério-o-*ylene-a,a’-

P v

diol, 1.0 é, 7 mmol) was dissolved in thionyl éhloride (5 -

ml). When the ensuing exothermic reaction had subsided (a
¢ £
few sec), the solutloh ‘was transferred to a Carius tube and

the tube sealed. The reaction solution.was heated to 125°

for 18 h, then cooled and the tub® opened. The excess

thionyl chloride was d}stilled off apd the residue dissolved

-3

in meth&iene chloride. The solution/was washed with water

- : _'f‘ 3 . )
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and saturated aqueous. sodium chloride andg dried. Evaporation

of theVSO¥vent gave a readily—cryséal}iied, yellow oil, 1.15

[

g (91%). The dichloride was purified by éqblfmation~(90—
110°, 6 mm Hg) to give colourless crystals, 1.06 g (84%),
m.p. 51-53° (reported 52-54° (84)).. The i.r. spectrum

(CHC1z): 2220 (w); 1775 (m), 1450° (w), 1315 (w) and 905
cm~! (mg). The n.m.r..spectrum showed (CDC15): 6 4.66

‘d

(2 H, triplet, J

- D‘s ;1.8 Hz) and 7.29 (4 H, multiplet).

IMtegration gave 26.0 atom % excess D ..
» - h ’

°

Preparation’ of l,3-bideutefio—l,34éihydrobenzoLglthiophene

To a refluxing #lution of sodium 'sulfide nonahydrate

’ . ; : P
(2.1 g, BDH) in 67% aqueous ethanol (30 ml) was added drep- ~ .

wise a solution of a,a'-dideuterip-a,a'-dichloro-o-xylene
I - -

(1.0 g, 5.7/mmol) in ethanol (5 ml). . After refluxing for

2'H, 'the/ yellow-green solution was diluted with an equal

. volume Hf water and extracted with methylene chloride (three

times) .. The extracts were dried and the solventievaporated

-

. . . »
to give a yellow oil (0.84 g). The dideuterated sulfide

was not purified further but oxidized di;ecfly to the’
sulfone (below). ’ I o . o

.

Preparation of l,3rDideuterio—l,3-dihydrobenzo[gjthiophene
K . »

2,2-Dioxide (gR) (Equimolar Cig/LIaDA)

\ To a stirred, ice-goolgd solution of 30% agqueous

hydrogen peroxide (5 ml) in glacial acetig acid (5 ml) was

L]

. added a solution of oﬁde'fl,3-d_ideuterio’-1,3-dihydroben_zo-

- .
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[c]thiophene- (0.74 g, 5.4 mmol), in a few ml glacial acetic

acid. After stirring at room temperature for- 40 h, the

solution was diluted with an equal volume’of water and the

‘

.

resuIting orystalline precipitate collected and washed with

cold water. Recrystallization'from methylene chloride- 1

R

:pentane solution gave 0. 75 g (58% over two steps) codourless

-end of the tubé in a - 11qu1d-n1trogenﬁcog§ed trap. Tbe{

uneedles of the equlmolar cis/trans-1,3- dldeuterated sulfone,

m.p. 143-144° (reported 150- 1510 (57)).  The i.r. spectrum
(CHy€1,): 1320 (%), 1190 (s), 1115 (m) and 1110 em-1 (m).

The n.m.r.-spectrum consisted. of (CDClB): (6’4.31 (2 H,

triplet, J. _ ='2.3 Hz) and’ 7. 32 (4 H, multiplet). The’

H,D

n.m.r. lntegratlon gave 24 5<atom % excess: D. S o
: x ) Y ,

.ThermoLYSLS of 1L3 Dlhydrobenzoig]thlopﬁf/: 2 2-Dioxide ‘

A sample of 1, 3 dlhydrobenzo c}thlophene 2,2-dioxide

(6, 336 mg, 2 mmol (57)) was placed in" a quartz-tube ~

thermolysis apparatus* and ‘the quartz tube heated to’ 500°.

VThe sulfone was Sub;imedhslowlyjthrough the hot'tube at a

pressure of 1l-um Hg (measured betweern the product cold- trap

o

and pump cold-trap) and the products were collecteq at the .

"product was a pale yellbw 11qu1d w1th a strong odoum of .

v

sulfur dxoxlde. Evaporatlon of the, sulfur ledee gave

4

196 mg (93%) crude benzocyclobntene. The product wag

1. P . R
Lok v - »
. . “ B - . - . . -
o . . v P . . °

) . . : . f ' ' :
* For a éescriptfbn of this apparatus, see references 7, 85.

.
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distilleg in a short-path apparatus (}eporfed‘b.p; 149-150° B

e, .
(57Y) to give a colourless aromatic-liquid. The i.r.

spectrum (£ilm): 1460 (m), 1208 (w), 775 (ms) and 710 cm !
(ms), The n.m.r. spectrum consisted of (éDc13):' § 3:16

(4 H, "singlet) and 7.1 (4 H, multiplet).

Thermoligis of‘é;g-l;3~Dideuterio-i,34dihydrobenzo]g!¥

-  thiophene 2,2-Dioxide

-

~
¢

The gcis-dideuterated sdlfone'(gg, 1.0 gf was thermo%jsed
aé 500? in the uartz;tube apparatus as described for thek
non-deuterated sulfone. The crude yield of benzocyclo-
butene-d2 was 630 mg (100%) and dlstllratlon gaVe pure
“l 2- ~dideuteri benzocyclobutene. The i.r. spectrum fllm):
2080 fw), 14531(m), 892, (mw) and 725 cm‘l'(ﬁs).a:The‘i.r.

spectrum was also recorded in the absorption mode (0.1 mm
,neat sample, KBr qell, air reference) Band; at 645 and -
S 895 cm™ ! were assigned to the 019-1,2-d1dék@erated benzo~
) \ cyclobutene wh;le bands at 825 850 aﬁd §05 cm-l'were
assxgned to the 55322 1somer*‘ Comparlson of these bands .

»

* i - ° %

T % These assxgnments were made after. examination of several
spectra of 1,2-dideutexiobenzocyclobutene of varying cis-
and trans-isomer compositions. The height of each band
was measured (after . appropriate baseline adjustments to
correct for large adjacent peaks) to determine the
relative amounts of cis~ and trans-isomer. A sample of
known composition (trans:cis = 1:1, from thermolysi £
equimolar cis/trans-1,3-cddeuterio-1,3~ dihydrobenzoz i
thiopfiene Z,2-dioxide at 500° .or multiple’ thermolysis
of cis-l,3-dideuterio-1,3-dihydrobenzo c]thiophéne 2,2-
dioxlde at 600°) wae used as a reference. Sample :

spectra are ;hown in Figures 9~ ll
[}
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gave a trans:cis ratio of 3:1 for this sample. The n.m.r.

spectrum showed (CDCl ): & 3.12 (2 H, broad singlet) and
7.07 (4 H, multlplet) and 1ntegrate§ to 25.7 atom % excess

D. The‘deuterium~decoupled !3c-satellite proton n.m.r. .
20 \ . ‘

spectrum of the beninic protons showed two superimposed

doublets—(J'. = 5.5 Hz enva © - 2.8 Hz) in the ratio
. =Cis .~ =trans

trans:cis of 3 or 4:1. Comparison of the-nus. peaks at m/e.

1

”104, 105, "106, 107 and-108. gmplecular ion) gave the follow-

ing deuterium dis lbutlon. d, 0: dl 2.9; 32 81.4; d3 15.2;

d4 0.65’(26.3 at ¥ excess D). Anal. calcd. for_C8H6D2:

25.00 atom % excess\ D. Found 25.55 atom & excess D.

g

Thermolysis of 1,3-D euterioél,3-dihydrobenzolglthioghene

2,2-Dioxide (Equimolar

v 4 .
The eguimolar cié/tr s-dideuterated sulfone (6b, 726

mg) was thermolysed at 500° in the quartz tube apparatus as
. ‘ .
~described for the non-deuterated sulfone. The crude yield

of* benzocyclobutene—d2 was 430 ;g (95%) . The product was
distilled and 1ts spectra recorded4 1nclud1ng the ‘
absorpt1on—mode.l r. spectrum (neat sample, 0.1 mm KBr cell
air reference). This spectrum.of equimolar gigf'and trans-
l,é-dideuterfobenzocyclobutene wag used as a reference te

- calibrate other i.r. spectra of veriouS'gig and trans
composxtlons (see footnote, P, 164). he deuterium-
decoupled "C-satelllte proton n.m,r. spectrum‘of the

benzylie protons indicated a 1l:1 mixture of cis- and trans-

l,Zedfdeuteriobenzocyclobut-ne. Comparison of the m.s.
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"peaké of m/e 104, 105, 1063 107 and 108 (molécular 1on) gave

the follow1ng deuterlum dlstrlbutlon. d 0. 6n a; 3 2;
1 »

d. 92.5; d, 3.3; d

2 4 0.3% (24.9 ‘atom % excess D).

hd -

L B Y

Multlp;i Thermoly51s o glg-l 3- DldeUterlo—l 3- dlhydrobenzo-
o

—
‘[g]thlophene 2!2 D10x1de =

L S

A sample of the c15-dideuteratéd sulfone (6a, 2.22 g)

‘was thermolysed at 500° in the quartz tube apparatus as
=¢éeecr1bed'for the .non- deuterated sulfone. AThe crude ‘
.~product wae distilled ‘and the absorptlog-mqae‘iLr. Spectrum.

recorded on’a neat semple (6 1 mm ;;r cell inget'sample,

£

air reference). Recovered stBrtlng materlal (0. 06 g) ¢

1n31cated 96% Qesulfonyiatlon. b {

A

The benzocyclobutene-—d2 from’ the flrgg run. was thermo-

lysed agaln at 500O ang the absprptlonrmode i. rf*spectrum of
» i > -

L3
‘ othe.product recorded ' The praduct was . thermolysed twice -

W
agaln at 6000, each trme recordlng the abs’?ﬁtxon—mode i.r.

=

specgrum of the product The flnal product was aseumed ‘to

be equlmolar e;s/trans—l 2 dldeutézlobEnzocyclobqtene. i’.

" From. gpmﬁarlggn of the i.r. bands at 645 and 895 cm~1
.

(c1s-d1deuterated prod&ct) and 425, 850 and 905 cm"l . ﬂ*w'
(trans—dxdeuterated product),,the four produq&s were found

N ) .
to haveﬂthe follow1ng comQ951§\ens*' oo V( R




(Temp)

1 (500°) -

2+ (5000) | 65 :35

3 (600°) 50 50-"

4 (600°) 50 . S0
The spectrum of thg'sample froh fupf4 was identicel to that
of equ}moiar gié/trgéﬁ—l,Z—dideuteriobenzocyclobqtene
* (above). - S -
. ’ . ' ‘ . ' ~ ‘

. | :
Mild Thermolysis of g¢is-1l,3-Dideuterio-i,3-dihydrobenzo[g]-

thiophene 2,2-Dioxide

A sample of the éié—dideuterated‘sulfone (6a, 730 mg}
was thermolysed at 430-440°. in the o;artz—tube apparatus as
described for the non deuterated sulfone. A yield of 90 ﬁg
(20%) benzocyclobuteﬂe*dz was - obtalned and 57 mg (7§%) of
:the startlng‘materlal'recovered The benzocyclobutene-gz

” e
was dlstllle% and the absorptlon-mode i.r. spectrum

recorde? (6. l'mm neat se;ple, KBr cell, air reference)
~ The recovered startlng material Was thermoiyseJ at
600° and the crude product thermolysed again at 600° to‘qire
%?0 mg {935) benzocyclobﬁtene, assumed to be'equimclar gig/
‘br&gs4l Z—dideuterated The dlstlfled produd% was examlned

»

‘by absorptlon—mode i.r. spectroscopy and the spectrum
: )
oompared with that of .the prgduct cBtained £rom thermolysis
at 430—340® (the'spectrum of the equimolar c1s/tran§

product was found to be didentical with that of an.authentic

y
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_sample prepared by thetmolysis (500°) of 1,3-dideuterio- ‘
benzotg]thiophene 2,2-dioxide (6b) (equimolér EiE/EEEEE)'\
Comparison of the bands at 645 and 895 cm~l (cis) and 825,
850 and 905~<::m'l (trans) indicated that the’product obtainea .
from milg thermol;sis of the sulfone wés almost pure trans-

l,2—dideutq}iobéniocyclobutene*.' Only a trace of the cis-

Ii;;/isam€;<(<4%) wasg visible in the i.f.ysbeétrum.
: ) | ‘ N |
Flash Thermolysis oﬁ_gi;;LJ3—Dideuterio~ll3-dihydrobenzo|cl-

thiophene 2,2-Dioxide

. A sample of the 01s-d§5euterated sulfone (6a, 100 mg).
was subjected to flash thermolysis (71; 86) at 500O and
10-14,uﬁ Hg oreésurE-(ceramic oven). The sample was
sublihed inte the dven ond.goe productswwere trapped out
on_a liéuid-nitrogen-coolod colq finoér. Tﬁe crude yield -
of benzocyc}obutene-ga was 70 mg &nd iz.mé (12%) starting

.material were Lecovered. -The product was distilled and its

9 v, -

spectra recorded. The absorption-mode i.r.’fpectrum (0.1
mm neat sample, KBr cell, air reference) shOWed_ah'identical

cis/trans~1, Zjhideuterated composition as observed for the
. Q

3 product df quartz -tube thermoly31s (trans:cis = 311, see

~above) The deuierlum—decoupled 13C-satell;te proton n.m.r.
A
spectrum of ,the benzy protons showed the trans: 015 ratlo

’ of.;\br 4:1. Comparlﬁon of the m.s. peaks at m/e 104, 105”
. ) .

K3

* See 'footnote, P. 164,

. . ¥
N . :




106, 167 and 108 (molecfilar ion)” gaveé the following deuterium

w »

distributi%n: d, 0.6; dy 4.4; 4, 81.5; dy 12.%; 4, 1.1%°

. | | , .
. (26.1 &dtom %;excess‘n).' ‘
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