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ABSTRACT

A study has been undertaken of the published literature on the Fries
rearrangement, thermal, photo and microwave, since its discovery in 1908. A
resume of these publications and especially of those pertaining to the thia-Fries
rearrangement of sulfamate esters, has been compiled.

Phenyl sulfamate, phenyl N, N-dimethylsulfamate, phenyl N,N-diethylsulfamate
and phenyl N,N-di-n-propylsulfamate and many of their substituted compounds
have been synthesised and purified, a total of thirty nine esters. The sulfamates
have been characterised by mp / bp, infrared, C, H and N microanalysis and mass
spectrum.

Many of these sulfamates, twenty six in total, have been rearranged to
sulfonamides in the thia-Fries rearrangement, and subsequently purified. The
products were characterised by mp / bp, infrared, C, H and N microanalysis and
mass spectrum,

Mechanistic studies of the sulfamates have been investigated, particularly phenyl
N, N-dimethylsulfamate. The rearrangement with various catalysts and catalytic
ratios, the effect of solvents on the rearrangement and many crossover
experiments have been carried out to determine the molecularity i.e. whether it is
an inter-, intra- or bimolecular reaction.

The microwave induced thia-Fries rearrangement has been examined to
determine what effect this irradiation has on the rearrangement. Photo thia-Fries
rearrangement has also been investigated
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INTRODUCTION

In 1908, Karl Theofile Fries (1875-1962) published a method for preparing ortho-

chloroacetylphenols *

®, (scheme 1) which he wished to use in the synthesis of
coumaranones. He discovered this reaction while trying to avoid the difficulties
encountered in preparing certain phenolic ketones by the Friedel-Crafts reaction. The
reaction between phenols, chloroacetyl chloride and aluminium chloride was not
satisfactory since, often, two chloroacetyl groups were introduced into the phenols. Good

results were obtained when phenolic esters of chloroacetic acid were heated with

aluminium chloride giving a mixture of ortho-, and para-chloroacetylphenols (6) and (7)

la&b)
OCOCH,CI
@ aci,  CICHCO
—_—
CH
(1) ’
OCOCH,CI
© e, @rcocn Cl
(3) (4)
OH OCOCH,CI OH
©,cocn,cn A, el
R e ——
(6) (5) COCH,CI
‘ N

Scheme 1



Fries also rearranged the phenolic esters of acetic acid ' (scheme 2)

OCOCH, OH OH
AIC), COCH,
— +
COCH,
(8) {9) (10

Scheme 2

The original Fries rearrangement can thus be described by the general formulae
Ar-O-CO-R - HO-Ar-CO-R

Fig. 1

Prior to discussing the Fries rearrangement it is proper to distinguish between it and the
Friedel-Crafts reaction, of which it is essentially, a minor variant. The basis for this
distinction is that in the Friedel-Crafis reaction fof the preparation of phenolic ketones, a
phenol is treated with an acid chloride and a Lewis acid, while in the Fries rearrangement
a phenolic ester is reacted using a Lewis or Brensted acid. This distinction may seem
very academic for, almost without exception, the same products can be prepared using
both reactions. However the Fries rearrangement has a very practical basis as it usually
gives much better results 2¢ ¢ Y Phenolic ketones, or more correctly hydroxyaryl
ketones, can also be synthesised by a number of other methods, such as the Hoesch or the
Houben-Hoesche reaction (fig. 2), a Friedel-Crafts acylation with nitriles and HCI,?

HCI
ArH + RCN ———— ArCOR

ZnCl,

Fig. 2




Another example would be the Nencki reaction *, the ring acylation of phenols with acids
in the presence of zinc chloride, or the modification of the Friedel-Crafts reaction by

substitution of ferric chloride for aluminium chloride.

Many years before Fries ever realised the general applicability of the reaction which
subsequently carried his name, there are a number of publications which report the
rearrangement of phenolic esters under the influence of Lewis acids *®. In 1904,
Eykmann *® had shown that meta-cresol and acetyl chloride, when treated with zinc
chloride had furnished, at room temperature, 2-methyl-4-hydroxyacetophenone, and, at
higher temperatures, 2-hydroxy-4-methylacetophenone (scheme 3). This was the first

indication of the importance of the reaction temperature on the positions of the migrating

group.
OH OCOCH, OH
Znel, zncl, cocH,
e —_—
25°C 150°C
CH, CH, CH,
COCH,
(12) (11) (13)
Scheme 3

Earlier, in 1897, Behn *® patented a procedure for preparing phenolic ketones by treating
phenols and acid chlorides in a nitrobenzene solution with aluminium chloride, thus
demonstrating the importance of nitrobenzene as a solvent in this type of reaction: Going

back earlier still, Dobner *® in 1881, prepared phenyl benzoate and, without purifying




the 'crude ester, heated it with benzoyl chloride and aluminium chloride to obtain the

benzoate of para-hydroxybenzophenone.

One method of carrying out the Fries rearrangement is to heat a mixture of the phenolic
ester with a catalyst at between 80°C and 180°C. The reaction may take Varylng lengths
of tlme from a few minutes to many hours depending on temperature, catalyst used and .
the particular esters. All of these parameterS affect reaction velocities. Another is .to
allow the reaction to proceed in a solvent, as already mentioned, which allows the
investigation of the reaction at lower temperatures. However when using a solvent the
reaction may take several hours to compiete. The solvents most frequently used are,

benzene, mtrobenzene chlorobenzene, carbon dlsulﬁde and DCM. Although aluminium
chlorrde was used initially, the catalytic activity of a large number of other compounds
~ have been mvestlgated. These include AlBr;, AlI3, HgCl_z, SnCl;, SnCly, FeCl,, FeCls,

TiCls and many more.

[

The original rearrangement carried out by Fries in 1908 in collaboration with Finch
involved the migration of the acyl group from tne oiygen on the side chain to carbon of
the aromatic nncleus. An analogous reaction would be the movement of the sulfamoyl
group from the phenolic oxygen to the aromatrc carbon. In 1931 Rittler 6 rearranged
para-toluenesulfonate using both, aluminium chloride and zine ohlonde at 150°C,

separately, in the presence and absence of an inert solvent like nitrobenzene, and

obtatned a mixture’ ortho and para hydroxydiarylsulfones (scheme 4). Rittler later




modified this procedure ® when he Teacted phenol withpara—toluenesulfonyl chloride in

the presence of aluminium chloride at 130°C, without solvent.

- ' . ' OH
AICI, or ' .
ZnCl,
H,C 50,0 ———— H.,C SO, :
150°C ;
' (14) with and without C;H;NO, (15) -
Scheme 4

These conditions, which probably involve in sifu formation of the toluenesulfonate,
resulted in only ortho-hydroxyphenyl para-tolylsulfone. He observed that in the presence
of nitrobenzene as solvent, the rearrangement was predominantly to the para- position

and conversely, without solvent, the rearrangement was principally to the ortho- position.

Some years later it was reported ' that para-tolylbenzenesulfonate rearranged to 2-
hydroxy-5-methyldiphenyl sulfone in a 10% yield by heating the sulfonate in a closed
cdpper bomb with hydrogen fluoride at 106°C for 14 hours usfng ]igrojn; a high bp
petroleum spirit, as a solvent (scheme 5). |

OH

, - : SO,
. HF, Solvent
- HyC— 0-S0, , - :
. 100°C, 14 Hrs. X

CH,
(16) ' ' (17)

Scheme 5




Two other groups carried out studies on the orientation of the rearrangement of

arylsulfonates. Amin and co-v‘vorke:rs8 re;')ort;:d that the fearrangement gives '
predbminal;tly para- pr&luct while subsequent reports by Baliah and his grlbup 5@, 106
%) claim that rearrangement is usually td the ortho- positions. In the initial work Amin
reacted a series of arylsulfonatei with aluminium ;:hloride for one hour at 140°C, an
- example being ortho-to!yl para-tollienesulfonate‘(18) whiqh he reportedl.y rearrangéc_l to

4-hydroxy-3-methylphenyl-para-tolylsulfone (19) as in scheme 6.

© CH, CH,
ACI, .
0S0, CH, -—___-.rgc——{<:::>Fso OH
: 3

o o)
' HO'  ‘CH,

(20)

Scheme 6

Baligh and Uma '°@ howe\./er, claimed that Amin was mistaken, because when they
repeated the experiment using the same reaction conditions, 2-Hy&roxy-_3-rnethylphenyl-
. para-tolylsulfone (26) was the product. This compound was synthesised by an alternative
method to prove their case. Baliah and Uma 99 4150 studied the rearraﬁgément of the
benzene sulfoﬁates of various xylenols and observed prédominately o-rtho— migration

whenever that position was available. Similarly, with f-naphthyl benzenesulfonate '°©,




the benzenesulfonyl group migrates to the adjacent positions as is the case with the a-

S

naphthyl unsubstituted and substituted benzenesulfonates 19®) (scheme .

o-s@ | OH OH
" 160°C, 3Hrs. , -

(21) v @) so, ()

Scheme 7

Joshi and Giri "', in their series on organic pesticides, made a number of sulfonates and -

rearranged them to sulfones.

o Opoml e ol
(24) |

(25)
Fig 3
- - 2-3 Hr/130- 140°C OH
—<: >—oso —
i 2@ 1.5 Equiv. AICI, Soz—@
. . | L
2y . . R (27)

R = For Me : R' = 4'-Me, 4'-Cl, 4'-F

2',5'-diCl & 2',5'-diBr
Scheme 8




It was because of the insecticidal and fungi@idal properties of “Ovotran” (24) and

“Sulphenone” (25) in fig. 3 that they synthesised several fluoro methyl analogues and
converted them to the corresponding hydroxy diarylsulfones of the -type (27) (scheme 8).
All rearrangements have occurred to the ortho- positions as the para-positions were _

. blocked.

At about the same time Le Van-Thoi and Co Tan Long 2 in an analogous manner,
synthesised and rearranged a series of sulfonates using 3 equiv. of AICl;. The aryl

sulfones which were produced included: 2-hydroxy-3-methyl-5-chlorophenyl, 3-nitro-4-

3 Equiv. AICI, (299 HO  Me
$0,-0 EE—— '
+ Me

5 O
A SO, OH

(30) Ci

Scheme 9

hydroxyphenyl, 2,5-dimethyl-4-hydrpoxyphenyl, 2-hydroxy-4,6-dichlorophenyl, 2-
hydroxy-3,5-dimethylphenyl and 3,5-dichloro-5-hydroxyphenyl among many more
(scheme 9).

13(a)

Kéammerer and Harris state that, “phenols can bé condensed with thionyl chloride

using aluminium chloride as catalyst, in gm_)d yields, to molecularly defined sulfoxides,




which can be preparatively reduced to sulfides or oxidised to sulfones. The sulfoneswweure

also obtained in good yields by condensation of sulfochlorides of the aryl esters with
phenolic éthers and aluminium chloride or by the Fries rearrangement of the

corresponding sulfonic esters” (scheme 10).

1

~ OCH, ONa o Ot ' '
Ci $0O,ClI cl S0 CH,
. O
-+ —_— 2 )
' ‘ Cl
“  CH, CH, CH, (33)
(31) (32) .
OH OH
AlCI, cL SO, cl
—_————
140°C 75%
CH, CH,
(34)
Scheme 10

13(b)

In a further publication continuing the above work, they indicate that two methods

are gér;erally suitable for the formation of structurally uniform phenolicr. polynuclear
compounds with sulfonyl bridges, namely, the Fries rearrangement and the Friedel-Crafts
reaction (scheme 11). This reaction shows an example of the preparation of a trinuclear

compound with two sulfonyl bridges, through thia-Fries rearrangement.




H.C SO —
- : @ -\ Mt .H”COSO 302\
i P i3 / | \ / CH3
150°C . 2
(35  CH, 90rmin 74% CH, (38)

Scheme 11

Robert Martin published a major review'* (281 references, most multiple) of the Fries
rearrangement titled, “Uses of the Fries Rearrangement for the Preparation of
Hydroxyarylketones”. This review gives a vel;y comprehensive coverage of the subject,
and refers to the earlier reviews which were published @ There is a chapter on the

formation of hydroxyarylsulfones from arylsulfonates, which has 17 references.

Parikh and his group have made many studies, over a number of years, of the-
rearrangement of various arylsulfonates, with their first publication 16 being titled, “the
:rearrangement of some arylsulfonates of methyl salicylate” (scheme 12). The reaction

products were subjected to methylation, hydrolysis and esterification.

osoR - B . OH
COOCH, ' COQCH,
' 2 Equiv. AICI,
130-140°C
. C,H,NO
. 8, -5 2 SOZ_R
(37) . (38)

R = p-Chilorophenyl, p-Bromophenyl, p-Hydroxyphenyl, a-Naphthyl and B-Naphthyl.

Scheme 12

-10 -



Fries rearrangements of arylsulfonate were carried out with 2 equiv. AlCl; 1n

nitrobenzene at 130- 140°C for 2 hrs. and the ester was also rearranged without a solvent

at 140°C for 2 hrs. The action of AIC]; on “arylsulforvxafes‘ involvﬂirvlg- methoxy and

carbomethoxy groups, usually induces partial cleavage of methyl groups as in scheme 13.

. oH
0S0, CI.

COZCH3 ) —_— +
140°C
- . (40)
with PhNO, 62%

without PhNO, —

OH
0S0, OCH,
AlCH, CO,CH,

CO,CH, ——— +
. 140°C
' ’ {43) '
. with PhNO, 35%
without PhNO, —_
Scheme 13

OH
COH

so;@~c1

(41)

40%

OH
COH

so,@-on

(44)

85%

Parikh’s groups 1972 publication '°® investigated the rearrangements of aryl-p-

bromobenzene sulfonates of phenol, p-cresol, p-chlorophenol, p-chloro-m-cresol, o-

-11-




nitrophenol, a-naphthol, resorcinol, hydroquinone, and p—m"_trobhe_r_rlol., The following year

16 they studied the rearrangements of p-to_luenesulfonate of, 2,4-dich'lorophenol, p-

~ chloro-o-cresol, 4,6-dichloro-m-cresol, o-nitrophéndl, methyl-p-hydroxybenzoate, methyl
salicylate, methy]-S-nitr;)salicylate and p-chloro-m-cresol. In a separate paper '*® on the
same subject they report the fearrangement of a-, and f-naphthalenesulfonates of phenol

and substituted phenols, N g

"Parikh and Patwa continﬁed the studies of the rea.rr;mgement‘ of various sulfonates. They
published two reports'’® #® on the Fries rearrangement of the arylsulfonates of type R-
O-80;-p-chlorophenyl, where X is a substituted phenyl. In conjunqtion with Goghari,
Parikh '@ carried out very similar work on the substituted arylsulfonates of p-

1odophenol. The reaction conditions and substrates were similar to thoes in scheme 14.

X X
2 Equiv. AICI,
0-s0, ¢ — OH
130-140°C
: ) 2 Hrs. '

45 ~ {46)
Scheme 14
Parikh and Patwa carried out an interesting_Frie‘:s rearrangement on a series of
8-quinolinylarylsulfonates in 1976 ' The aryl group was, phenyl, p-tolyl.,

p-chlorophenyl; p-bromophenyl, p-iodophenyl, p-anisyl, and a -, plus_' f-naphthyl.

Phenyl, p-tolyl, p-bromophenyl, p-iodophenyl and anisyl gave'predominantly the 5-

-12-




. .arylsulfonyl derivative, while the remainder gave the 6-arylsulfonyl derivatives

(s_cheme 15).

2.5 Equiv. AICI,

———— .

175-180°C
2 Hr

Scheme 15

The Fries rearrangement of 4-acylphenyl arylsulfonates ieads to 2-hydroxy-5-
ketoarylsulfones. However the nature of the acyl group influences the course of the

reaction according to Thaker er al.’* ©*® a5 in scheme 16.

s

0-SO,-R | OH
3 Equiv. AICI, SO,-R
120-160°C : /
_ - 3-4 Hrs.
CO-R' ] CO-R'
(49) T (50)
R %
' CH, 20-60
C,H, 85 - 100

R= Ph, p'MeCeH4, P-Hal.CsH4, a- and p-C1oH7

Scheme 16

13-




- Emdt -and‘Zubek % were researching dipheny! sulfones for expected acaricidal activity

and they invgsﬁgat_ed the rearrangement of arylsulfonates of salicylonitrile. The reaction
of these esters carried out in the presence of AICl;, without solvent, gave 3-cyano-d-
hydroxydjpheny] sulfone (m.p.197-198°C) and 3-cyano-4-hydroxy-4’-methyl-diphenyl

sulfone as in scheme .i7'

' - OH
0S0
: . R CN

- AICl,
CN ,
' "R=HorCH, :
(51) - (52)

Schen_ie 17

‘The rearrangement of N-benzenesulfonylaniline to aminodiphenyl sulfone (yield 15%)

was described by Srinivasan 2!,

Vs : 2.5 Equiv. AICl, /- B

NH-802© —_— SO, NH,

~ 180-200°C .
o i 10 Hrs. ‘

- (53)  (59)

Scheme 18

-14 -




The interestiﬂg element in this publication is the breakjf;g of the N ~ S bond (scheme 18) -

"in the rearrangeiment, as there is no phenolic oxygen in the anilirie moiety: The report
also included the féé}fangenient'df o-cﬁloro-N-ben'zevﬁe‘:'sulfonylaﬁiliné to 3-chloro-4-

aminodiphenylsulfone.

Another cleavage of the S-N bond was discussed by Shafer and Closson * in a base
promoted rearréngement of ary]sulfonamideé of N;substitﬁted anilines to N-s_ubstitufed

2-aminodiarylsulfones.

NHR'
MeLl
(55) n-BuLl’ (56)
Scheme 19

The arylsulfonamides of N-substituted afomatic amines reacted -readily with lithium
béses and THF (tetrahydrofuran) in ether solvents to give N-substituted_2-aminodiaryl
suifqnes in duite good.yield (4?-89%) as in scheme lé. While the reaction is probable
‘intramolecular according to the authors, it -inyolves th;: formation of a dianion from the
sulfonamide before L[he rearrangement occurs. This reaction would seem to be the method

of choice for synthesising such aminosulfones.

Hellwinkel and Supp, B during attempts - to synthesise triarylamines utilizing

organolithium compounds, treated N N-diphenylbenzénesulfonamide and the

-15 -




corresponding p-toluenesulfonafnide with ‘pher_ly_l_-.,__ “butyl- aqd,hmct_hy!-lit'hiu;n,_‘thgay ,

- obtained not the desired products of a nucleophilic substitution of the benzenesulfinate

. groups, but instead, the anilinodipheny! sulfones almost as in scheme 19,

Badr et al** while doing research on molecular rearrangements; studied the different.
effects of thermolysis and photolysis of N-'arylbenzénesulfonamides. The photo-Fries
rearrangement which is analogous to the Lewis acid catalysed thermal rearrangemént, is

one of the most studied reactions in photochemistry and will be discussed later,

HN-SO,-Ph

-S0, dimerization :
+ PhSO,) —— Ph* ————— = Ph-Ph
(57) (58) (59)
/ | o -

PhNH,
+
(60)
(61) o < (62)
- Ph? N PhSO,*
l NH, NH, l
Ph SO,-Ph
(63) (64)

Scheme 20

-16 -




-Heating of N-phenylbenzenesulfonamide in a nitrogen atmosphere at ca. 300°C for 15 hrs

" gave sulfur dioxide, aniline, bipheﬁyl, éa:rbazole and a mixture of isoméric 0- émd p-
aminoﬁibhényl together with trace amounts of o- and p-arﬁ{nobiphenyl -sulfone.
~Technically, -what is happening in this reaction (scheme 20), is a “Fries-type
rearranéement”, but the fact that sulfonamides are being rearranged to sulfone-s, albeit in
minute quantities, it is felt that it should be included_hére. As shown, the aniliﬁo radi_cals
abétract hy&ogen to form aniline oir are subjected to attack bY pheny]‘suifonyl radicals in‘
ortho and para positions forming o- and p-aminophenylsulfones. Thése phenylsulfonyl
radicals can also extrude sulfur dioxide, forming phenyl radicals that couple with the
anilino radical in the ortho and. para position to form the isomeric amino-biphenyls,

whereas, dimerisation of phenyl radicals leads to the formation of biphenyl.

A series of 2-aminoaryl arenesulfonates \i;rhich were treated by strong bases, -rearranged
: intramoleculaﬂy into their ‘corresponding N-(2-hydroxyaryl)arenesulfonamides as did the
related tosylates derived from 2-amino-8-naphthol according to Andérson ‘et al.?
Treatment of the sulfonates with n-butyllithium in tetrahydrofuran or diethyl ether
yielded the sulfonamides (scheme 21).

y

0SOAr OH

NHR' . _NR'SO,AT -
(65) i THF o (66)
—
n-Buli
R R
Scheme 21

-17 -




Although a Fries rearrangement is not referred to in the paper at any stage, this reaction

is in fact a.base catalysed thia-Fries rearrangement and is in itseif vefy unusuai. '

Another base catalysed rearrangement, involving a further cleavage of a N—S bond is -

% (scheme 22y as a carbanionically induced

reported by Hellwinkel and Lenz
sulfonamide-aminosulfone  rearrangement. "In the case of 2- and °I-
~ naphthyltoluenesulfonamide the [1,3] shift of the arylsulfonyl group proceeds into the

3- and 2-positions to give the respective products. Maybe these reactions should not be

included in a review of Fries reaﬁangement but we believe them to be relevant.

CH, - CH, ' CH '
! 3 ) | 3 -
LN , NH CH
. 02 -
. - s

(67) (68) 92
(69) . , (70) .
Scheme 22

The Fries rearrangement of 3-alkanoyloxythiophenes has been studied, by Banks,”’ usmg
~ AICl; as catalyst and dlchloromethane as solvent. An intermolecular component of the

mechanism was demonstrated in a crossover experiment. The rearrangement proceeded

-18 -




-

generally at ambient tempc_:rgtl_me to give 3—hyhdroxy-l2-alkgnoyl_’gbipphepcs in’ good Ayi,e_lc'is. _

" The structures of both the acyl and the 3-thiophenoxy moieties were found to exert an

fnﬂ'ﬁ'e_nce on the reé.rranéement. Acetyl esters rearranged at a faster rate than propionyl

esters. An acétyl group in the 4 position prevented the rearrangement, as did 2 esters in

the thiophene ring. An ester or a cyano group in the 4 posiﬁon had no influence (fig. 4

and scheme 23).

R ’sz
0
R* g R
(71) .

Fig. 4

5 Equiv. AICI,

20°C. 24 Hrs.

5 Equiv. AICI,

-
-

© 62°C. 3 Hrs.

Scheme 23

~

gN
Ac s~ CO,CH,

(75)

| The Fries rearrangement of 4- and 5-acefoxybenzo-2,1,3-thiadiazoles which gave 4-

-19-

hydroxy-7-acetyl- and 5-hydroxy-4-aceiylbenzo-2. 1.3-thiadiazoles was carried out as part




of the synthesis of 5-chloro-4,7-dioxo- and 5,6-dichloro-4,7-dioxobenzo-2,1,3-thiadiazole

* which were required because they were known to possess high antiviral activity in ova. ** .

OCOCH, OH

N AICl,/ C,H,NO, N
| @ — )I
A 65°C for 6hr -8
N~ : N~
- ' COCH,
(6) . (n
: .' COCH,
H,COCO, HO
\©i|'l" 65°C for 6hr lrf‘ ~
‘ | N“>  AICL,/ C,H,NO, &
(78) o (79)
Scheme 24

Colquhoun ef al * state, in a batent registered by Imperial Chemical Industries, that they
prepared arylhydroxybiphenyls by Fries rearrange‘ments as in scher;ie 25 Ar is a
divalent mono; or poly-aromatic gmﬁp which may or may not be substituted. X is a
hydrogen, halogen, nitro-, alkylsulfonyl-, arylsulfonyl-, alkylcarbonyl- or hydroca;rbon
group. For example, 4-C1CsH;sCOCI and 4-HOCsH,Ph v;.rere stirred for = 9 hr at 120°C 1n
1,2-Cl,C¢H, containing H,SO, at which point AICl; v;'as added and the mixture stirred

for a further 7-8 h at 120°-130°C to give 74% 4-(4-CIC¢HCO)CsH,CsH,OH-4.
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/TN /TN Al N TN\

XArCOO ‘\ y )= HOWOCAM

Scheme 25

Cation-exchanged montmorillonite clays catalysed the Fries rearrangement of phenyl
toluene—p—sﬁlfonate to give, selectively, o- and p-hydroxyphenyl—p;tolylsulfone as major

and minor products respectively, according to Pitchumani 30() °

The use of clays as
catalysts‘for the rearrangement of sulfonates was new at this stage in time, because until
then metal halides we;e the prominent catalysts. Acidic cation-ei{change
montmorillonites are efﬁcieﬁt catalysts in a number of proton-assisted reactions and
function as-effective Lewis acid cataiysts in place of conventional species such as AlCl;.

In the case, with a bulkier sulfonate migrating group, a steric effect exerts its presence

more effectively and ortho-isomer formation is the major course of the reaction (scheme

26).
" Clay
Oy e
82 . (83)
Scheme 26

The steric influence on the products distribution is also affected by the nature of the
substrate. With the bulkier naphthyl para-toluenesulfonate the rearrangement is

regiospecific and the ortho-isomer is the exclusive product *°®.
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Like Babr “* above, Sridar and Sundara Rao ¥ carried out comparative sg

125 between

i, -

Los csrecios R A ——

‘thermal and photo Fries rearrangements on, in this case, fhe bisacetet 4.4°-
‘dihydroxydiphenylsuifone (bisphenyl-S). They state that the photolysis procedure yields
only a mono rearranged product, whereas under thermal conditions a 23% yield of the bis

rearrangsment product is obtained.

OCOCH, OH OCOCH,  OH -
' |

OH

| .

N e e e e
o

, ] L : {
so, k- sa, e ?Oz & S0, < S0,
1 J\ v I . 1 .
| Ny N ~
S K /’fji “ .
7 Teow, l//}\coce-sg \l/ \1//” N
]
oH OM - OH OH OH
(85) (86} {87} (88) (89}
REACTION : :
CONDITIONS 54 85 88 87 - 28 59
3 Equiv. AiCh 2Hrs. 117 15.2 16.8 17 20 15.2
L?_:q““" AlCl 2 - ya 23 7 23 .85 215
Schieme 27




Like Babr ® above, Sridar and Sundara Rao *' carried out comparative studies between

thermal and photo Fries rearrangements on, in this case, the bisacetate of 4,4’- .
dihydrdxydibhéhyléﬁlfdﬂe (Bisphenyl-S). Thei/ state that the photol)‘z-sis pfocedure yields
only a mono rearranged product, whereas under thermal conditions a 23% yield of the bis

rearrangement product is obtained. .

AICI, / 2 br. -
H,C0CO OCOCH, -

OCOCH, OCOCH, OH
il: COCH, \t _COCH,

so, + SO

»n

1@@

cocH,
OH OH
(85) . '(86) (87) (88) (89)
REACTION ' . ‘
CONDITIONS 84 8 86 87 88 89
3Equiv. AICl; 2Hrs. 117 152 168 . 17 20 152
:ﬁgq“"" AlCl, 2 N/A 23 7 23 9.5 315

Scheme 27




The sulfone group retards rearrangement in this particular case, under thermal conditions.

This was also found to happen when the Fries rearrangement of 4-toluene arylsulfone

acetate was carried out.

The anionic ortho-Fries rearrangement of O-(2-methylpheny)-]\/,N—diethylthiocafbamate

(90) to MN;diethyl-Z—hydro;(y-3-methylbenzenecarbothioamide (91) and of O-[4-

(trimethylsilyl)pyridyl-3yl] N,N-diethylthiocarbamate . (92) to N,N-diethyl-3-htdroxy-4-

(trimethylsilyl)pyridine-3-carbothioamide (93) via the directed ortho-metalation protocol

are described by Beaulieu and Snieckus > *® (scheme 28)

NEtz
@0 s-BuLllTMDAITHF ‘:OH
20% NEG
(20) (o) |
s -
-78°C, 1 hr then -78°C — r.t. 5hr
Sxu-NEt, ; S
Messi\lﬁ/. _ Me,Si
| 0 -
OH
| X7 LiTMP/ THF X
N " T5% N o NEt
(92) | (@)

-78°C, 30 min then -78°C — r.t. 5 hr

Scheme 28
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As part-of a generalised procedure for the: construction of cdndens_g:d heterocycles from

L

32(c)

heteroatom-bridged diafyl systems, Beaulieu and Snieckus rearranged the -

ilnprdtecféd 2-O-carbamate diarylsnﬂfbne ina ;épid anionic ortho-Fries reaction.

' \ .. 1equiv. LDA _ /
Et;N-OCO THF 0°C—=RT - HO
2 —<\_/> 30 mins. .

(84) 95) -
50% yield %) EtN-0C

Scheme 29

The chemistry of mixed phosphorus-sulfur compounds and éspecial&y that of
‘phosphorﬁs-arylthiol ligands had to this time, (mid 1990’s) received vefy little study,
according to Masson ef al **. In this publication they describe the synthetic potential of
the phosphorothioate-mercaptophosphonate rearrangement of S-pheny!
.phosphorothiondte (schemes 30 and 31). They also discuss the scope and limitations of
this method which allows the preparation of va.riou‘s derivatives of mercaptoaryl and of

mercaptoheteroaryl phosphonates.
S\\POR),  Base SH
0 I
(96) . (e

Scheme 30
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The 0,0,S-triphenyl phosphorothioate (98) has also been ff:arranged (scheme 31)

0

| _oPn ' '
o— OH
I:’<SPh
) : LDA Ko
@ — l|_-OPh
- A

(98) 1 (99) SPh
Scheme 31

In these reactions we have the breaking of the S—P bond in what might be -classed a
phospho-Fries rearrangement.

The treatment of aryl phenylsulfinates with AlICl; at 25°C furmished good yields of
phenylsuifonyl phenols via a ‘thia~-Fries rearrangement according to Jung and Lazarova

3% 25 in scheme 32.

0-SOPh- OH
2 Equiv. AIC, SOPh
R - - R
25°C 1Hr.
: CH,CI,
(100) - (101)
Scheme 32

In his series, “Studies in sulfur heterocycles”, De ef al**® state that an anionic ortho-

Fries rearrangement has been carried out on p-carbamoyloxybenzol{b]-thiophene and the
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product used as a starting material in the synthesis of a novel linearly fused

thioenoisocromene (scheme 33).

O-CONEL, ' ' OR
Li Et,NOC
-78°C — RT
Stirring 12Hrs
S
(102) - (103)

Scheme 33

This group **® also 'stud.ied the “synthesis of several analogues of (+) simivioxanthin,
including five thiophene analogues, using directed metalation and this~strategy consisted
of the'» synthesis of functionalised naphthalene or benzo[b]thioph-ene as building blocks
followed by annulation of the pyrone.” This synthetic work required Fries rearrangement

for certain steps, which were as in scheme 34.

In a further bublication ¥C) they state that, “the introduction of the méthy] sulfanyl
function in the ortho-position to the O-carbamate functionality under standard directed
metalation condition was followed by side-chain deprotonation with sec-blxtyl lithium at
J, —78°C. Upon warming to room temperature the deprotonated species underwent
intramolecular énionic-Fries rearrangement to afford N,N—diethyl-Z-

hydroxyaryithioacetamides. The rearraﬁged products were cyclised with hot glacial -

acetic acid to afford condensed oxathiin-2-ones in excellent yield” (scheme 34).

" In 2004 they reported **® on an anionic rearrangement under directed metalation

conditions, which involves the side chain deprotonation of ortho-methylsulfanyl
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substituents by an O-carbamate DMG followed by rearrangement. They specifically state

that this reaction is distinct from an anionic homologous Fries rearrangement but is very -

" much like the pfevioﬁs scheme.

' OCONEt, 3
' SMe Et NOC
(104) (105)
OCONEt, _ OH
CH,0 SMe CH, 0. SCH,CONEt,
(108) ' (107)
OCONEt, OH :
CH,0 SMe CH,0 SCH,CONE, -
—_—
Me . Me
(08) (109)
OCONEt,
CHO™ CH:,O/
a (110) . (111)
* Scheme 34

And finally, in a very recent publication © they state that “a one pot synthesis of (3-

hydroxybenzo[b]thiophen-2-y1) -aryl methanones was achieved from ortho-
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methylsulfanaryl N N-diethylamides, 1-(3-hydroxybenzo[b]thiophen-2yl)ethanone and 1- °

(3-hydroxybenzo [b]thiophcn—ilyl)propan;1-one via an anionic ortho-Fries rearrangement
and that the”hydrbxy ketones were used as key— intermediates in the synthesis of

benzothienopyranones.”

Thus, benzo[b]thiophen-3-yl acetate and benzo[l):]thiophen:3¥yl propionate V\r/hiCh were
| prepared by treating the thioindoxyl with acetyl chloride and proptonyl chloride
respectively, in the presence of sodium hydride or LDA in tetrahydrofuran, were lithiated
at the 2-position with LDA. The deprotonated species upon stirring at room temperature
for 810 hr . underwent intramolecﬁlar rearrangement to  give  1-(3-
hydroxybenzo[b]thiopﬁen-éyl)eﬂlanone and 1-(3-hydroxybenzo[b]thiophen-2yl)propan-

1-one respectively (sc};eme 35).

OCOR" oo 0—H

LDA (1.5 equiv.)/
0
- ]
< N\ THF/-78°Ctor.t. R N\ Y
s . S R
R = H, Me, OMe -
(112) R'=Me, Et )
Scheme 35

Kaboudin **® reported the Fries rearrangement of acyloxybenzene derivatives in the

presence of methanesulfonic acid / phosphorus oxychloride (MAPO), as a new efficient
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reagent for the one-pot synthe51s of acylaryl methane sulfonates of phenohc esters as in

e e

scheme 36.
0 SO,CH,

100°C 4Hrs.
O-COPh—— = PhQC 0-SO,CH, &4 COPh

(114 CH.SOMIPOCL (115) sy

|
89% Yield

ortho / pararatio=9

Scheme 36

The same process was successfully extended to other acyloxyarene derivatives as
shown (scheme 37). The results clearly indicate that the reaction seems to be faster

when the aryloxy part of- the ester carries electron-donating groups; p-acylaryl

@—— 0—@0 _SO,CH,

(118)
R1

0.CO -R2? , ) O-SO.‘_,CH3
: R?
) . \ R1 " {11%a) ‘ )

0-SO,CH, -

methanesulfonates were formed selectively.

(119b)

Scheme 37
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In a further paper Kabo;_l_cl-i.n‘_“’(‘bm) found mgthan_c_asﬁ]{qni“c acid / diphosphorus pentoxide (4

. 71) to be an efficient reagent for the one-pot synthesis of acylafyl methanesulfonates of

phenolic esters via the Fries rearrangement (scheme 38).

' ' 'Il . 100°C
C“-O e (121)
. i ' . | CH,SOH /P, o
, | (120) OII
c

Scheme 38

; 2-(N, N—Dimethylcarbamoyioxy)-?. "-(N,N-dimethylcarbamoylthio)-1,1°-binaphthyl
undergoes anionic Fries rearrangement (scheme 39) of the O-aryl carbamate to afford
a crystaliographically characterised amido species 2’~(N,N-dimethylaminocarbonylthio)-

2-hydroxy-3-(N,N-dimethy]aminoéarbonyl)- 1,1’-binaphthyl >’

! ‘ "™S8.CO-N(CH,), LDA, -75°C, 1.Hr. l . S-CON(CH,),

CO-N(CH,),
(123) ‘ (124)

Scheme 39
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Guenadil et al **report on “another method of acylation on the 6-position of the 2(3H)-

benzothiazolone ring with Fries-like rearrangement catalysed by zinc chloride instead of
aluminium chloride and -3-acyi-2—(3'H-)-mbenzothiazolon-es' derivati{res as starting materials.
This method is advantageous in regard to other acylation methods as it requires.only

three equivalents of ZnCl, to produce 6-acyl-derivatives with yields of 82-94%.”

3 Equiv. ZnCl, / 155°C / 3Hr
o .

) h?; —_—— N
E;[J: 0 R ,\s>= °
(125) o) -{126)

R=CH,; CH,CH;; Ph; p-CI-Ph; p-NO,-Ph; p-F-Ph

Scheme 40

The product 6-acyl-2-(3H)-benzothiazolones (scheme 40), which was obtained by the
Fries-like rearrangement is reported to have particularl'y interesﬁng anti-inflammatory,
antiepileptic, antiviral, analgesic and anti-convulsant ‘properties. As a result of all the
interest in these compoﬁnds the optimisati'obn of their synthesis was studied.

Wakselman ef a*’ claim that “aryl triflates are transformed to trifluoromethanesulfinyl
phenols in the presence of aluminium chloride in dichloromethane at room temperatﬁe
according to the thia-Fries rearrangement process. Oxygen free conditions are necessary

in order to avoid the formation of 2,2’-dihydroxybiaryls as secondary products.”




o .
R\[;_A_,"‘“A‘\ | Al R_\L;H\ . N , R\/:\

MOSCF, — / OH + (GRS /———foﬁ

(127) _ o” ' (129)
(128)
R =H, 4-F, 4-Ci, 4-Br, 3 &4-Me, 4-OMe and 3&4 Ph

- Scheme 41

Consequently the reaction was carried under argbn with a very meticulous exclusion of

oxygen (scheme 41). The analogous thia-Fries rearrangement of aryl sulfinates into .

sulfonyl phenols has been reported only in the case of aryl benzenesulfinates. This

reaction allows the insertion of a sulfonyl substituent directly into the aromatic nucleus.

In a very recent paper ** entitled “Graphite / Methanesulfonic acid (GMA) as a new

. reagent for sulfonylation of phenols and the thia-Fries rearrangement of aryl sulfonates to

sulfonylphenols” Sharghi and Shahsavari-Fard discuss this new facile method for direct

sulfonylation of phenols. The follov;ring mechanism of the sulfonylation reaction is

suggested, the phenol is first converted to the arylsulfonate by reaction with p-

toluenesulfonic acid. The arylsulfonate subsequently undergoes rapid intermolecular ‘

decomposition in the presence of GMA (0.3g graphite / 1ml MeS‘O3‘H), the ‘thia-Fries
rearrangement, to -produc_:e the sutfonylium cation MeCeH,SO," and the phenol, which

combine to form the sulfonylphenols as in scheme 42.




GMA = graphite / MeSO,H )

& + = = " . “SoiH' - “ wn ] =
" ' OH
, o s.
! - (gl “ Y .GMA /\/Oz
| [ ] ; ———— ' .
= 7 120°C —
R ’ Me R
Me . .
- R =Me, F, Ci, Br and OH
{130) 3y . (132)
. - Scheme 42
8
]
|
: T
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The designation photo-Fries reaction or rearrangement is simplg and quite descriptive ‘
while acknowledging an ancestral relationship to its acid catalysed thermal cousin. The
‘terms photo-induced or -light-inducéd are eqﬁéﬂly explanatbry aithoﬁgh more

cumbersome.

Two research groups,*’ working independently, came upon the reaction almost
s;jmultaneously althougﬁ one study was reported later*?. Anderson- and Reese *' state in
their paper that although no rearrangement such as theirs had been previously reported,
however it was possible implied in some observations made by Klinger in the 1880’s
who fo'uﬂd that exposure of 9,10-phenanthraquinone to sunlight in the presence of an
aldehyde (R-CHO) gave the corresponding  9-acyloxy-10-dihydroxyphenanthrene*

(scheme 43).

l hv
+ RCOH ——mm—
| SOH

OCO.R
(134)

Scheme 43 .

A few years later Klinger also reported that p-benzenequinone treated in the same way, = -
i.e. exposure to sunlight in the presence of an aldehyde, did not give the p-hydroxyphenyl

ester but instead the ketone ** (scheme 44),

234 -




o OH
(135) (136) OCOR

Scheme 44

Anderson and Reese *' found that -an ethanol solution of catechol monoacetate gave a
40% mixed yield of two isomeric dihydroxyacetophenones and 46% catechol when

subjected to ultraviolet irradiation (scheme 45).

OH OH OH OH
OCOCH, ' OH OH OH
. hv <+ +4
—_—
| COCH,

(137) (138) COCH,  {140)
(139)

Scheme 45

-

And the ifradiafipn of an ethanol solution of phenyl acetate gave ortho- (19%), para-

hydroxyacetophen’one (15%)-and phenol (28%) (scheme 46).

OCOCH, -
© - @ Q @
(10)

Scheme 46
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Kobsa ™ had discovered the photo-Fries rearrangement coming from a somewhat novel..

approach. In attempting to prepare various 2-hydroxy-5-t-butyl substituted benzophenone

dErivaiti_ilés by the classical thermal Fries rearrangement of the corresponding esters he

was largely unsuccessful, (with the 4-hydroxybenzo;ihenonc moiety, obtained by the

elimination of the -butyl grbup, predominating as in scheme 47).

- AICI,
(H,C),C OCOPh : PhCO —OH
140°C ,

(142) (143)

Scheme 47

In the light-catalysed rearrangement in benzene or ethanol, however, no loss of the ¢-
butyl groups occurred and the only benzophenone derivatives formed were those

resuliing from the migration of the acyl group into the ortho position (scheme 48).

(H3C)3C©000Ph M eHe _Q—ou

(142) (144  COPh

t

" Scheme 48

As regards the photo-Fries rearrangements of compounds with a sulfur moiety, it was a
Japanese group led by Nozaki®® that published the first report, “The photochemical
rearrangement of arenesulfonanilides to p-aminodiarylsulfones”. Here they discuss the

irradiation of an ethanolic solution of p-toluensulfonanilide (and other anilides) with a

v
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high-pressure 200-watt mercury lamp which gave, after chromatographic sep_»aratiorn,b 4-

: amino-4’-méthyldiphenylsulfone and aniline (scheme 49).

(145) (146) C(147)
Scheme 49
Havinga and Stratenus ** carried out the rearrangement of phenyl and o-naphthyl p-

toluenesulfonates as well as phenylmethanesulfonate. They describe a category of photo-

Fries rearrangement in which an oxygen-sulfur bond is broken and hydroxysulfones are

' " formed (scheme 50).
OSO Ce¢H,-p-CH, .
SO,C,H,-p-CH,
-{148) ' (149) (150)

Schéme 50
They carried out the reaction in an apparatus designed by themselves. 10g. of ester in 2 1.

of absolute ethanol were pumped around a high-pressure mercury arc lamp under a

nitrogen atmosphere.
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The photo-Fries rearrangement of 2-dialkylarrxjno-4-pyrirfiidinyl esters of alkyl and

arylsulfonic acids was carried out by Snell “” in LC.I The reaction in which the

* pyrimidine 5-position is unsubstituted, affords the corresponding S-a_lkly-}léulfonyl and 5-

ary]sulfonyl-2-dialkylamino-4—hyd:oxypyrimidines respectively in yields of up to 60%
together with smaller amounts of the parent 2;dialkylamin0-4-hydroxypyrimidine
(scheme 51). Irradiation of the 4-pyrirﬁidinyl esters of alkyl or arylsulfonic acids was

carried out in ethanol or isopropyl alcohol with a low-pressure mercury arc for periods of

6 to 20 hours.

H H
RSO, /NY R? I o ILI R! O hl! R!
. N NP >~ N
R3S0,
R? R? R2
(151) (152) (153)

Scheme 51

While carrying out photochemical cyclodimerisation and rearrangement studies of 5H-

dibenzyl[b,flazepine derivatives, Ledwith et al *® discovered that the N-tosyl- compound

" only, underwent photo-Fries rearrangement (scheme 52).

hv
‘ C— R
OO G0
R = tosyl H '

{154) (155)

Scheme 52
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: Tﬁey noted tilat of th‘e‘r9 dérivétiyes: they investigated, 5-tosylim1'n;)sti1bene rearrahged to
Z-tosyiiminoﬁtilbene ‘both when unsensitised and benzophenoné-sensitised. Irradiation
was with a Han(_)via reactor, yields were quite low (27%) and the product was isolated by
column chromatography. >

Chakrabarti ** was interested in studying the photo-Fries rearrangement' of N-
' sulfony]carbazoles.- Irradiation of these compounds (156 a-c) in both solvents, benzene
and methanol and at two wavelengths, 254 nm and 365 nm, in a nitrogen atmosphere, at

" room temperature, clearly afforded the migrated photoproducts (157 a-c) and (158 a-c)

(scheme 53).
0,S
‘_! l . SO,R
[1,5 Shift] (157)
s ‘—/‘
l?j .
- . SOR . , so R
(156) . ‘ :
| _ _ [1 3 Shift]
a; R=-Ph _
b; R=-C.H,CH,
‘c;R=-CI'-l3 ROS H
' |-| SO,R
| ‘ (158)
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. Scheme S3

“-In all cases formation of photb rearré.ng’ed 1- and 3-sulfonylcarbazoles from the

respeéﬁ&e -J&-éﬁifo;lyléafﬁaibies was accorﬁpanied by the formation of small amounts of
carbazole and some unreacted starting material. The reactant was bhoto-chemically

excited and underwent a fast -homolytic cleavage of the nitrogen-sulfur covalent bond

thereby creating a solvent-caged intermediate.

The formation of the products could bé rationalised by the intramolecular '1,3 and 1,5

. i .
migration of the sulfonyl radical RSO;-. Leakage of the carbazole radical from the

solvent cage at this stage, with extraction of hydrogen (H -) from neighbburing

- molecules, thereby producing carbazole.

Spillane and Lally published a communication® ® on the details of the photo-Fries type
rearrangement of the sodium salt of phenylsulfamic acid which yielded the isomeric

ortho- and para-anilinesulfonic acids and aniline (scheme 54).

NHSO,Na NH, NH,
. !]v
—_——— SO,H
MeOH
(158) L (159)
Scheme 54

They further reported **® the photolysis of a series of para-substituted phenylsulfamates

in degassed methanolic solutions {scheme 55).
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(160) (161) : (162)
X = (a,CHy) (b, F) (c,Cl) (d,Br) (e, NO,)

‘Scheme 55

For (160) a and b photo-Fries type rearrangement to sulfonic acids and photo degradation
to anilines were observed. AThe halosulfémates (160) c and d do not rearrange but
degrade to anilines and are photo-solvolysed to p-methoxyphenylsutfamic acids.
According to Sridar and Rao *! the ph&o-Fries rearrangement of the biacetate of 4,4°-
dihydroxydiphenyl sulfone (bisphenol-S) yields only a mono-rearranged product with no
bisrearranged product (scheme 56), whereas under thermal conditions a 23% yield o.f the“’
bisrearranged product is obtained (scheme 27). They also state that a 40% yield of the

photo-rearranged product is obtained when 4-(p-tolylsulfonyl)phenyl-acetate is irradiated

under identical conditions.

Scheme 56
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As part of a large study on the design, synthesis and biological evaluation of aryloxyethyl

thiocyanate . derivatives for pharmacological use Rodriguez et al! used a Fries
photochemxcal reaction in a critical synthetlc step Startmg w1th 4-phenoxyphenol (163)

which was easﬂy tosylated to give (164) in excellent yleld the critical synthetic step for

Athe preparation of the required product was the photo-Fries rearrangement of the tosyl

group of (1 64) to form the cortesponding sulfone at C-2” on {165) as in scheme 57.

O Q- ©©~'©UH

{163) (164) - (165)

Scheme 57
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 In 1986, Gedye et al™ and Giguere ef al*® demonstrated for the first time, that many __

. organic reactions can be conducted very rapidly under microwave irradiation and in 1994
Sridar and Sundara Ra054 published the first report on “Microwave-induced rate

enhancement of Fries rearrangement”.

S - COCH,
OCOCH, ‘ . ~OH
OO : Microwave CO
—_—
(166) (167)
OCOCH, OH OH
COCH,
Microwave
e +
COCH,
OCOCH, OH
: COCH,
Microwave
———
CH, CH,
(168) . (169)
OCOCH, OH :
o COCH,
Microwave
—_——
Ci ' cl
(170) (171)
Scheme 58

Using distilled chlorobenzene as a pure solvent with a high dielectric constant and a ratio

of 1:1.5 equivalents of substrate to AICl; (Lewis acid catalyst), the rearrangements were
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carried out in sealed tubes for two minutes. A domestic, multi-mode, 2.45 GHz oven was

used without modification and ‘at-IOO'% power. The Fries rearrangements of 2-naphthyl,

pheh_yl,.b—cres-yl éﬁdb—chiordphenji acetatés were studied (scheme 58).

“An expeditious solvent free Fries rearrangement occurs @der m‘ild conditions on K10
montmorillonite using microwave fadiétion” ‘accofding to Kad et al.>® when they used a
selection of acylated and benzoylated phenols as sub;trate (scheme 59). In a typical
procedure, 1g. of K10 montmoerillonite was added to 5 ml of dry CH,Cl, Awh'ich contained
0.5g. (3.68 mmol) phenylacetate and this mixture were stirred for 5 min before the
solvent was removed under reduced pressure. The resulting free flowing s.olid, ina 50 ml
Pyrex beaker was placed in a dom;:stic 2.45 GHz domestic multimode microwave oven,
alongside a beaker containing 150 ml water, which acted as a heat sink. The reactant was

irradiated at 640 W for 4 min.

'OCOR . OH OH

Microwave COR
—_— , ' ‘o .
R Irradiation R R
‘ K10 Clay _ COR
(172). (173) (174)_
Scheme 59

" In a publication entitled “Fries rearrangement accelerated by microwave radiation in the .

-undergraduate organic laboratory” a group *¢ from Punjab University write about the

opportunity of undergraduates to use microwave in chemical . reactions. The Fries

rearrangement of arylesters to ortho- and para-hydroxy acetophenones can be carried out
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in dry open media in ordinary glassware using a commercial microwave oven (scheme_

. ,60). This reaction normally requires a Lewis acid and long reflux times or photochemical

* conditions.

' H
ﬁ . 0
: 0—C——CH, |
OO : . K10 Clay
Microwave OH
(175)
Time 10 min .
- Hzc——c '

Y
=
N .
=

Scheme 60

They discuss two schemes of the Fries rearrangement on K-10 montmorillonite in dry
- Open media as reactions to illustrate the suitability of microwave acceleration as distinct
~ from conventional techniques. The acetate of B-naphthol was .irradiated for 10 min (level
9) in an ordinary household instrument and gave 70% conversion into ortho and para
products in 9:1 ratio scheme. The second example used the steroid estrone undef the

same conditions and gave the two ortho products in 65% yield (scheme 61).
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K10 Clay

0
I -
o (178) icrowave TI)
0 mi
Time 10 min H,C—C
HO (180)
Scheme 61

There are two publications by Klan er al @ where they discuss the use of an
electrodeless discharge lamp i.e. a microwave lamp (MWL) 'which, when placed in the
reactor cavity of a microwave oven, the microwave‘f_]‘eld generates ultraviolet irradiation
in the .lamp at the same time that it interacts with the sample under study. The sample is
therefore subjected t-o a simultarieous UV/Vis and MW irradiation. Five different photo
Teactions were investigated, one of them being the photo-Fries rearrangement and their
study conﬁrmg:d that MW-UV conditions could be beneficial in synthetic organic

' photochemistry (scheme 62).
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Scheme 62

In the second paper >'® they examine what they claim is the first study of temperature
dependant photochemical reactions in the microwave field on the solvent effect in the
Norrish type II reaction and the phbto-Fries reaction under various thermal conditions
including microwave heating. These MW-UV/Vis rearrangements probable involve
interesting synergistic effects and it would be interestihg to make a c;omparative study if

MW and UV/Vis were tried separately.

“Zinc poWder in the presence of N,N-dimethylformamide efficiently catalyses the
selective Fries rearrangement of acsrlate;i phe‘nols under micfowave heating or with
_ conventional héating using an oil bath and different pfoducts were obtained. Selective
migration of the acyl group has been noted with good yields,” according to Pau} and -
Gupa®®. Fifteen acylated phenol were tested both by thermal and microwave irradiation.
For microwave? 5 mmol of substrate and the equivalent of zinc powder in 2:5 mmo! of
DMF were mixed thoroughly and irradiated in an oven at 480 watts fof various times

(scheme 63).

-47 -




H3c/l\'o‘ . A

‘ /ﬁj Znin DMF R ~

R = ™
MW or A H,C o -

(172) h (173) - (174)

Scﬁeme 63 -

In this introduction to the thesis a selection of publications have been chosen, out of
maybe two thousand papers which have been published on ali aspects of th_e Fries
rearrangement in the last century. The selection is arbitrary but there is a leaning towards
compounds with a sulfur moiety because the body of this work is on the rearrangement

of sulfamates to sulfonamides.
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SULFAMATE ESTER SYNTHESIS AND THERMAL, _

* THIA-FRIES REARRANGEMENT
INTRODUCTION

As various aspects of the Fries rearrangement have already been discussed, a comment
about sulfamic acid esters, sulfamates and sulfonamides may be appropriate because all
of the presented studies are based on the attempted synthesis of N, N-dialkylsulfonamides

utilising the thia-Fries rearrangement of O-sulfamates to hydroxysulfonamides.

The first step in this process is the sulfamoylation of the hydroxyl group of phenol and
substituted phené]s. As March® states, “sulfonic asters are most freciuehtly prepared by
treating the corresponding halides with alcéhéls in the presence of a base (Fig. 5). The
method is much used for the conversion of alcohols to tosylates, brosylates and similar
sulfonic esters. |
RSO,Cl + R'OH — RSO_ZOR’ + HCI
RSO:NR”; + ROH — RSO,OR’ = NHR”,

Fig. §

In these reactions R and R’ may be alkyl or ary! and the base is often pyridine, which
functions as a nucleophilic catalyst. Primary alcohols react most rapidly and it is often
possible to sulfonate selectively a primary OH group in a molecule that also contains

secondary or tertiary hydroxyl groups.”
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There are a number of general methods for the synthesis of arylsulfamates, one ISthC B

reaction of phenolé with sulfamoyl chloride or NN-dialkylsulfamoyl' chloride, a method
first proposed by Schwarz ‘and Weber  and carried out for all of the following

compounds which are used in this study (scheme 64).

OH

2 Equiv. DMA 3 Hrs. .
R + CISOZNR-2 0°C RT - O-SOzNR 2

(175 a-j) (176)
R = (a)H, (b)CH,, (¢)C,H,, (d)™, (e)Cl, (DBr, (g)l, (h)2,6-DiF, (i)2,6-DICI & (j)2,6-DiBr
R' = H, CH,, C,H, & C,H,

Scheme 64

The reaction of phenols with chlorosulfonyl isocyanate is another method ' % © ® of
preparation, but like the first method both reagents are very toxic and their manipulation
is difficult. Hedayatullah and Guy developed a further method %®, which involves the

reduction of aryloxysulfonyl azides with sodium borohydride under mild conditions

(scheme 65).
0-50,-CI - _0-50,-N, 0-S0,-NH,
NaN, NaBH, / THF, 0-5°C
S - e
| ' 50-75%
R R ' R
(177) < (178) (179)

Scheme 65
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It is important to emphasise that to date, no Fries rqngpgglgép}_ of sulfamates to

sulfonamides has been claimed. In a recent publication ** a new synthetic route to aryl
hydroxysulfonamides via a novel Fries-type rearrangement of ary! MN-dialkylsulfamates

has been developed (scheme 66).

0-SO,-NRR'

OH
1.2 Equiv. AIC, SO,-NRR
> =+
SO,-NRR'
(180) (181) (182)
Scheme 66

"The Fries rearrangement of the first series of esters, the phenylsulfamates, where R and

R’ = H, was not very successful under the _conditions in the above scheme.

Farbenfabriken Bayer Aktiengesellschéft, the German drug company were the first to

‘'synthesise and patent.** some of the aryl sulfamates produced for this study, mostly of

the form phenyl(substituted) N,N—dimethylsulfamat,é.

The esters of sulfamic acid (HaNSOsH), a rather simple molecule, are used extensively

by médicinal chemists for the design of a host of derivatives with pharmacological

applications. The @Cl:d gives rise to four types of derivatives: O-substituted, N-substituted

and the di- and tri-substituted sulfamates, which all show specific biological activities.
Sulfamate inhibitors of aminoacyl-fRNA synthetases were reported to constitute a new

class of antibiotic, useful in the fight of drug-resistant infections. Antiviral agents
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incorporating sulfamate moieties have also been synthesised with the nucleoside /

nucleotide HIV reverse transcriptase inhibitors and the HIV protease inhibitors. In the

"incfeé:s"fhg armamentarium of anticancer drugs the sulfamates occupy a special position.

A large number of anticonvulsant sulfamates have been described, with topiramate (Fig.
6), whose chemical formula is 2,3:4,5-di-O-(l-isopropyljdene)-B-D-fructopyraﬁose |
sulphamate is a denvatlve of the naturally- occumng monosaccharlde D-fructose. It is
generally used chmcaily as an anti- eplleptlc drug and this medicine, along with other

sulfamates have recently been recommended for the treatment of obesity.

O CH,0SO,NH,

0 0
H,C :
\ CH,
_ (o) 0
H,C CH,

Fig 6

While the large number of sulfamate esters in this study were subjected to the thia-Fries

rearrangement in order to synthesis a range of hydroxysulfonamides, there are many

other methods in'the literature for synthesising these esters. March® in his section on

nucleophilic substitution at a sulfonyl sulfur atom, discusses the attack by a nitrogen lone

pair i.e. the formation of sulfonamides in an S-amino-de-chlorination reaction (Fig. 7).

RSO;Cl + NH; — RSO,NH, -

Fig. 7’
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The treatment of sulfonyl chlorides with ammonia or amines is. one way._of preparing

sulfonamides (Fig. 7). Primary ‘amines give N-alkylsulfonamides and secondary amines

the catalytic arylation of sulfamoy! chloride (scheme 67). This reaction is a practical

synthesis of sulfonamides and it involves commercially available indium(I1T} triflate.

Me - Me

CISO,NMe,
Catalyst -
DCE, 100°C SO,NMe,
(183) - : ~ © (184)
Scheme 67 ‘

Five equivalents of toluene are stirred with one equivalent of N,N-dimethylsulfamoyl
chloride and 20 mol% catalyst at 100°C for 24 hours in dichloroethane, to give 86% of

the sulfonamide.

Sulfonamides, the chemical name for Sulfa drugs, were the first chemical compounds to
_ proyidé safe and effective tréatment for most common bacterial infections. This was -
before the arrival of penicillin in the mid 1940’s. Sulfa drugs played a major role in
antibacten'zﬁ treatment, which resulted in a sharp. decrease in deaths due to those bacterial
infections. The first of these chemotherapeutic drugs being Prontosil which breaks- down

in the body to produce sulphanilamide (Fig. 8).
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Instead of killing bacteria, sulfonamides prevent them_from multiplying,.making.it_easier.. .

for the bodies natural defencesto overcome and destroy them.

NH,

H,N— NzN@—SozNHZ
Prontosil o
|-|2N~<j>vso,,r~m2 .

Sulfanilamide

Fig. 8

Bacteria require para-aminobenzoic acids to multiply and sulfonamides resemble the
chemical structure of the acids which are adsorbed by the bacteria. The sulfa drugs
combine with the outer shells of the organism preventing the real acids from penetrating,

6

In modemn therapeutics,”® sulfonamides constitute an important class of drugs with

several "types of _pharmacoloéical agents possessing antibacterial, anti-carbonic
anhydrase, diuretic, hypoglycaemic and antithyroid activity among others. A 'largé

number of structurall); novel sulfonamide derivatives have ultimately been reported to
Ashow substantial antitumor activity in vitro and in vivo. AIthough they have a common
chemical motif of aromatic, heterocyclic or amino acid sulfqnamide, therc;, are a variety of
mechanisms by which they a(;t against tumors. Some of these compounds selec_téd via

elaborate preclinical screenings or obtained through computer-based dfug design, are

currently being evaluated in clinical trials,
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EXPERIIVIENTAL SECTION 7

3 X TS

LR. spectra were recorded on a Nicolet 210 FTIR spectrophtJtometer. Mass spectra were
acquiréd using a Shimadzu QP-5000 at 70 eV, where samples were introduced thr(;ugh
coupling to a 'Shimadzu GC-I‘?A gas chromatograph. This instrument was also used for‘
the monitoring of the reactions in conjunction with'TLC on Merck silica éel 6 Fasa plates.
| All melting points were obtained using a Fisher, Model 355 digital m.p. a_nalyser, and are
uncorrectf:tl. Boiling points under reduced pressure were carried out using a Biichi GKR
50 distillation unit. Microanalyses were obtained by a Perkin Elmer 2400 Series II
Analyser. All compounds were dried in a Biichi TO-50 under reduced pressure before
mp and bp wete determinect. Chemicals and solvents were obtained from various

commercial sources,”and unless otherwise stated in the text, were used without further

purification.

Synthesis of phenylsulfamates (185-194):

The synthesis of the sulfamoyl ch]otide CISO;NH; from which_the sulfamzttes‘ were
.derived is the im'tkial important step. Methanoic acid and sulfur free toluene must be
freshly distilled and stored with the drying agent, MgSO,, under nitrogen. To a 150 mi
ice cold toluene solution of 25g chlorosulfonyi isocyanate from Aldrich, was added, in a

drop wise manner, 6 ml of methanoic acid while maintaining a temperature < 5°C. The

resultant emulsion was stirred overnight, filtered and the toluene removed under reduced
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pressure while maintaining a temperature of < 30 °C. This synthesis was carrjed outinan

inert, nitrogen atmosphere and the resultant product can be stored in a fridge for up to

~ two months.

-Phenylsulfamates were synthesised by the rﬁefhod of Okada et al  whereby the
sulfamoyl chloride (2 equiv.) was added to a stirred mixfure of the particular phe;lol (1
equiv.) in dimethylacetamide, (DMA, at 1.5 cm3_ per ﬁmmol) on ice cooling. Stirﬁng was
continued at room temp. for 3 hrs., after which the mixture was poured into 100 ml of
cold brine and the resultant solution was extracted with 3 x 50 ml aliquots of ethyl -
acetate. The organic layer was separate;l, washed with brine, dried over MgSO, and
concentrated under reduced pressure. This method gave near quanti‘;;ltive yields for
sﬁlfamates (185-194) made with unsubstituted and- p-substituted phenols. The crude
: product was purified by column chromatography, Merck Kiselgel 60 eluting with »-

hexane / diethyl ether in a stepwise manner, from 100/0 in 5% increments. While

compounds 185, 187 and 190 were synthesised previously, 186, 188, 189,191, 192, 193

and 194 are novel.
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Phenylsulfamate CsHsOSO,NH, ¢ | o (8s)

0.16 Mol sulfaﬂmy] chloride were added to a stirring mixture of 0.08 mol phenol in 120
ml dimethylacetamide on ice cooling.

White crystals; mp 80.8"_C - 81.2 °C; 92% yield from (n-hexane / diethy] ether);

Found: C, 41.53; H, 3.92; N, 7.73. CsHNO;S requires C, 41.\61;'H, 4.07; N; 8.09.

Ve €M™ (KBr disb) 1370, 1181 (sym & antisym S=O str), 3416 (S;fm & antisym N-H
str), 1590 (C-H Ar.).

m/z (E1) 173 ( M, 12.2), 94 (Ph, 100 base peak), 65 (37.1), and 66 (15.9).
4-Fluorophenyisulfamate p-FCH,0SO,NH, . (186)

0.11 Mol sulfamoyl chloride were added to a stirring mixture of 0.055 mol of 4-fluoro
_phenol in 85 ml dimethylacetamide on ice cooling, ‘

White crystals; mp 83.0°C - 84.0 °C: 87% yield from (n-hexane / diethyl ether);

Found: C, 38.07; H, 3.27; N, 7.54. C¢HsNO;SF requires C, 37.70; H, 3.16; N, 7.33.

vn;ax/ cm’ (KBr disc) 1152, 1386 (sym & antisym S=0 str.), 3287, 3379 (N-H str. sym &

antisym) ' ;

- m/z (ED) 191 M", 10.1), 112 (100 base peak), 83 (33.7) and 57 (28.3).
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4-Chlorophenylsulfamate p-CICsH,0SQ,NH, '&58@

0.145 Mol sulfamoyl chloride were added to a stirring mixture of 0.0725 mol of 4-chloro
phenol in 110 ml dimethylacetamide on ice cooling.

White crystals; mplOl._5°Q -102°C; 92% yiel_d from (n-haxane / diethyl ether); . '

Vs €7 (KBr disc) 1180, 1363 (S=0 str. sym & antisym), 3270, 3396 (N-H str. sym &
antisym)

m/z (EI) 207 (M, 11.8), 128 (Ph, 1001base peak), 130 (32.2) and 99 (26.9).
#Bromophénylsulfamate p-BrCsH,0S0,NH, (188)

0.12Mol sulfamoy! chloride were added to a stirring mixture of 0.06 mol of 4-bromo
phenol in 90 ml dimethylacetamide on ice cooling.

White crystals; mp114.5°C — 116.5 °C; 84% yield from (#-haxane / diethyl ether); -

. Dma/om’ (KBr disc) 1185, 1360 (S=O str. sym & antisym), 3280, 3385 (N-H str. sym &

antisym)

m/z (EI) 252 (M, 14.7), 172 (100 base peak), 174 (97.2), 63 (62.7) and 65 (42.9),
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_ 4-lodophenylsulfamate p-IC;H,OSO,NH,

e { 189),

0.11 Mol sulfamoyl chloride were added to a stirring mixture of 0.055 mol of 4-iodo
phenol in 85 ml dimethylacetamide on ice coolihg.

Yield: <0.1%, as estimated from GC. .

mv/z (EI) 298 (M, 35.3), 220 (100 base peak), 93 (20.6) and 64 (44.5).

4-Methylphenylsulfamate p-MeCH,0SO,NH, &' £ ® (190)

0.16 Mol sulfamoyl chloride were added to a stirring mixture of 0.08‘ mol of 4-methyl
phenol in 120 ml dimethylacetamide on ice cooling. White crystals; mp 79 °C — 79.5 °C;
88% yield from (n-haxahe / diethyl ether). vm,, (KBr disc) 1180, 1354 (S;O str. sym &
antisym), 3276, 3408 (N-H str. sym & antisym)

m/z (EL) 187 (M, 32.7), 108 (100 base peak), 107 (58.1) and 77 (46.5),
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_4-Ethylphenylsulfamate p-EtCH,0SO,NH,__ : _ e (101) .

0.16 Mol sulfamoyl chioride were added to a stirring mixture of 0.08 mol of 4-
ethylphenol in 120 ml dimethylacetamide on ice cooling.

Brown crystals; mp 65°C - 66°C; 77% yield from (n—hexane / diethyl ether).

Vrmax (KBr- disc) 1178, 13‘28 (8=0 str. sym & aﬁtisym), 3279, 3418 (N-H str. sym &
antisym).

m/z (EI) 201 (M+,,29.7), 107 (100 base peak),.121 (57.5) and 77 (32.7).
2,6-Difluorophenylsulfamate 2,6-diFCsH;0S0,NH, ' (1292)

0.17 Mol sulfamoyl chloride were added to a stirring mixture of 0.085 mol of 2,6-
difluoro phenol in 130 mi dimethylacetamide on ice cooling.

White crystals; m.p. 104.3°C - 104.7°C. 88% yield from (n-hexane / diethyl ether).
Found: C, 34.73; H, 2.21; N, 6.22. CsH5NO;SF, requires C, 34.45; H,2.41; N, 6.70.

Umax  (KBr disc) 1174, 1306 (S=0 str. sy1|n & antisym), 3289, 3421 (N-H Str. sylﬂ &
antisym). |

m/z (ET) 209 (M, 2.8), 130 (100 base peak), 101 (26.1) and 82 (25.3).
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_2,6-Dichlorophenylsulfamate 2,6-diCIC;H:0SO-NH,. . . ... . ~(193)

0.15 Mol sulfamoyl chloride were added to a stirring mixture of 0.075 mol of 2,6-
dichloro phénol in 120 ml dimethylacetamide on ice cooling,
Yield < 1% as estimated from GC.

i (ED 241 (M™, 3.3), 161 (100 base peak), 164 (62.4) and 63 (49.2).
2,6-Dibromophenylsulfamate 2,6-diBrC¢H;0SO,NH, (194)
0.19 Mol sulfamoyl chloride were added to a stirring mixture of 0.095 mol of 2,6-
dibromo phenol in 150 ml dimethylacetamide on ice cooling.

Yield < 1% as estimated from GC.

m/z (EI) 331 (M, 2.1) 43 (100 base peak), 251 (33.2) and 253 (14.9),
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‘Synthesis of N, N-dialkylsulfamoyl chlorides_.____ N S

| VN,N-Dimethylsulfamoyl chloride (Aldrich) was used as purchased while N, N-diethyl-,

N,N-di-n-propyl- and N,N-di-n-butylsulfamoyl chlorides were synthesised by the method
of Gupté * To a solution of 500 mmol of SO;Cl> (Merck) in 500 ml dried CH,Cl, (Lab
Scan) stirring over ice, was added, drop wise, a mixture of 500 mmol of N N-
diethylamine, N.N-di-n—propylanﬁne or N,N-di;n-butylamihe(Aldrich) and 500 mmol of
triethylamine (R'idel-de-Haen). The temperature was maintained < 5°C and usually
required 3 hrs. The reaction was allowed to continue .stim'ng for a further 3 hrs at room
temperature after which it was washed with 0.5 M HCI (500 ml) and twice with water
(500 ml), dried (MgSOs, Lancaster) and the solvent evaporated. Further purification was

carried out by reduced pressure distillation with yields of 88 - 92% obtained.

Synthesis of phenyl N,N-dialkylarylsulfamates (195-223).

" The appropriate N, N-dialkylsulfamoyl chloride was added slowly, to a stirring mixture of

200 mmol of the required phenol in triethylamine with dried dichloromethane (100 ml)
as solvent. A molar ratio of 0.9 : 1 : 1.2 (sulfambyl chloride / phenol / triethylamine) was
used to prevent the formation of side product. The reaction progress was monitored by

TLC and GC-MS and required from 24 hrs to 25 days at room temperature. On

4 completion, the mixture was filtered using a further 100 ml of CH,Cl,, waghed with 0.5
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M NaOH (3 x 100 ml aliguots) to extract any_remaining, nhennl ~washed. )\n'fhmumfﬂtm

dried and evaporated to product. The crude product was punﬁed by column
chromatography, Merck Klselgel 60 e]utmg with n-hexane / diethyl ether in a stepwise
manner, from 100/0 in 5% increments or by partial distillation under reduced pressure.
Compounds 195, 197, 200, 203, 209, 210, 211 and 213 have been synthesised previously,
while 196, 198, 199, 201, 202, 204, 205, 206, 207, 208, 212, 214, 215, 216, 217, 218,

219, 220, 221, 222, and 223 are novel compounds.
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Phenyl N, N-dimethylsulfamate C:H:OSO-NMe, 2@2®: . . . (108)....

0.18 Mol of N, N-dimethylsulfamoyl chloride in 100 m! dried CH,Cl, was added slowly

to a stirring mixture of 0.2 mol phenol in 0.24 mol of triethylamine. Stirring co_ptinued
for 48 hours.

Pale yellow liquid; bp 129°C ~ 130°C @ 7x10" mm Hg.; yield 82% from reduced
pressure distillation. Found: C, 47.73; H, 549; N, 6..97‘ CsH11NO;S requires C, 47.76;
H, 547, N, 6.96

Vmufem” (Neat) 1153, 1374 (S=0 str. sym & antisym), 1589 (C-H Ar.).

vz (ET) 201 (M 10.5), 108 (100 base peak), 65 (99) and 94 (25.6).

4-Fluorophenyl N,N-dimethylsulfamate P-FCH,0S0,NMe, (196)

0.18 Mol of N, N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was a‘dded slowly

to a stirring mixture of 0.2 mol of 4-fluorophenol in 0.24 mol of triethylamine. Stirring

continued for 24 hours.

White crystals; mp 51°C — 52°C; 84% yield from (n-hexane / dietﬁyl ether).

Fo'und: C, 44. 16; H, 5.06; N, 7.59. CgH,,0SNF requires C,43.84; H, 4.57; N, 8.68.
Vgnax/ CM1”! (KBr disc) 1 160 and -1 189 (sym S=0 str.) 3087 (S-N w).

m/z (EI) 219 (M 7.1), 108 (100 base peak), 83 (52.5)and 57 (37.9).
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4-Chlorophenyl N, N-dimethylsulfamate p-CICcH,0S0,NMe, /1 OL®)

N
[N
8
N

0.18 Mol of N, N-dimethylsulfamoyl chloride in 100 ml dried CH,C1, was added slowly
to a stirring mixture of 0.2 mol of 4-chlorophenol in 0.24 mol of tricthylamine. Stirring
continued for 120 hours. .

Clear liquid; bp 130°C - 132°C @ 5 x 10" mm Hg.; yield 80% from reduced pressure
distillation. Found: C, 40.62; H, 4.02; N, 5.69. CngoNCIO3S requires C, 40.76; H, 4.25
N, 5.94.

Vpax/Cm”! (Neat) 1161 and 1375 (sym & antisym S=O str), 1586 (C-H Ar) and 3097 (S-
Nw).

‘m’z (EI) 235 (M 3.8), 108 (100 base peak), 99 (33.5) and 73 (26.4).

It was synthesised by an alternative route, N, N-dimethylsulfamoyl chloride was added
drop wise at 100°C with good stirring, to the sodium salt of 4-chlorophenol in xylene.
The reaction is initially exothermic and is continued by reﬂuxinglfor one hour. After

filtering off the salt the solvent was removed by reduced pre'ssur_e distillation and the

compound was purified by bulb to bulb distillation.
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_4-Bromophenyl N,N-dimethyisulfamate p-BrCGH,OSO,NMe, . (198)_

0.225 Mot of NNdlmethylsulfamoyl éﬁloride in‘ 100 ml dried CH;;CI; was added slowly
to a stirring mixture of 0.25 mol of 4-bromophenol in 0.30 mol of triethylamine. Stirring
continued for 14 days. | |

Clear liquid; bp 108°C - 111°C @ 14 x 10! mm Hg; yield 84% from reduced pressure
distillation. Found: C, 34.46; H, 3.66; N, 5.37. CgH,0NBrO;S requires C,- 34.29; H 357,
| N, 5.00. :
Vpar/om’” (Neat) 1197 and 1382 (sym & antisym S=0O str), 1581 (C-H Ar) and 3097 (S-N

w).

m/z (EI) 281 (M™ 8.7), 108 (100 base peak), 63 (54) and 143 (22.2).
4-lodophenyl N,N-dimethylsulfamate p-ICsH,0SO,NMe, (199)

0.225 Mol of N,N-dimethylsulfamoyl chloride in 100 ml dried CH.Cl; was added slowly
to a 'stim'ng mixture of 0.25 mol of 4-iodophenol in 0.3 mol of tricthylamine. Stirring
continued for 25 days. -

Brown crystals; mp 68.5°C — 71.5°C; yield 23.5% from reduced pressure distillation.
Found: C 29.79; H,3.14; N, 4.54. CgH;(N10;S requires C, 29.36; H, 3.06; N,

428, |

Vmax/em™ (KBr disc) 1195 and 1367. (sym & antisym S=O str), 1580 (C—H Ar)

and 3084 (S-N w)

- m/z (BI) 327 (M 6.1), 108 (100 base peak), 64 (76.6) and 92 (28 3)
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_4-Methylphenyl N,N-dimethylsulfamate p-MeCH.0S0,NMe, 2 @&®

0.18 Mol df N;N;diinetﬁylsulfamoyl chloride in 100 ml dded Cﬁ2C12 was added slowly
to a stirring mixture of 0.2 mol of 4-methylphenol in 0.24 mol of triethylamine. Stirring
continued for 72 hours.

Clear liquid; bp 126°C 129°C @ 4 x 10" mm Hg.; vield 40% from reduced pressure
distillation. Found C, 50.43; H 6.01; N, 6.66. CoH;3NO;S requires C, 50.23; H, 6.05; N,
6.51.

Vpa/om’ (Neat) 1104 and 1375 (sym & antisym S=Q str), 1597 (C-H Ar) and 3031 (S-N
w).

m/z (EI) 215 (M" 19.4), 108 (100 base peak), 77 (95) and 135 (18.8).
4-Ethylphenyl N,N-dimethylsulfamate p-EtCcH,0S0,NMe, (201)

0.18 Mol of N, N-dimethylsulfamoyl chloride in 100 ml dried CHyCl, was added slowly
to a stirring mixture of 0.2 mol of 4-ethylphenol in 0.24 mol of triethylamine. Stirring
continued for 120 hours. | |

Clear liquid; bp 92°C - 94°C @ 3 x 107 mm Hg.; yield 13.5% from reduced pr;assure
distillation. Found: C, 52.32; H, 6.66; N, 6.03. C;0H;sNO,S requires C, 52.38; H, 6.59;
N, 6.11. | |

Vgnax/cm (Neat) 1112 and 1372 (sym & antisym S=0 str), 1601 (C-H Ar) and 3033 (S-N
w).

m/z (EI) 229 (M" 15.3), 108 (100 base peak), 121 (60.1) and 91 (59.9)
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4-Mg§hquphenMN-Dimethyjsul_famate.‘n;MeOCg&OSO;NMe;Mh—«

0.18 Mol of N,N-dimethylsulfamoyl chioride in 100 ml dried CH,Cl; was added slowly
to a stirring mixture of 0.2 mol of 4-methoxyphenol in 0.24 mol of triethylamine. Stirring

continued for 120 hours.
White crystals; yield and other properties not acquired.

m/z (E) 231 (M" 34.0), 123 (100 base peak), 95 (42.1) and 152 (26.5),
4-Nitrophenyl N,N-Dimethylsulfamate P-NO,CcH,080,NMe, > ® (203)

0.18 Mol of N,N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly
to a stirring mixture of 0.2 mol of 4-nitrophenol in 0.24 mol of triethylamine. Stirring
continued for 8 days. |

White crystals; mp 119.5°C — 121°C; 52% yield from (n-hexane / diethyl ether)

s (EI) 246(M" 21.2), 108 (100 base peak), 63 (25.8) and 64 (20.3).
2,6-Dichlor0ﬁhenyl N,N-dimethylsulfamate 2,6-diCICH;0S0,NMe, (204) .

0.225 Mol of N N-dimethylsulfamoyl! chloride in 100 ml dried CH,Cl; was added slowly
to a stirring mixture of 0.25 mol of 2,6-dichlorophenol in 0.3 mol of triethylamine.

Stirring continued for 12 days.
Off-white crystals; mp 79°C — 80.5°C; 76% yield from (n-hexane / diethy! ether).

Found: C, 35.78; H, 3.12; N, 6.42. CxHyNC1,0,8 requires C, 35.56; H, 3.33; N, 5.18.
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Vmnax/om ™ (KBr disc) 1180 and 1374 (sym & antisym S=0 s#r), 1569 (C-H Ar) and 2985
(S-N w). |

m/z (EI) 269 (M™ 2.2), 108 (100 base peak), 63 (26.2) and 73 (1'8.5).
2,5—Dichlor0phenyl N,N-Dimethylsulfamate 2,5-diCIC¢H;0S0,NMe, - (205)

0.225 Mol of N,N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly
to a stirring mixture of 0.25 mol of 2,5-dich]orophenol in 0.3 mol of triethylamine.

Stirring continued for 12 days.
White crystals; yield and other properties not acquired

m/z (EI) 269 (M 23.7), 108 (100 base peak), 133 (11.7) and 271 (16.5).

2,6-Dimethylphenyl N,N-dimethylsulfamate 2,6-diMeCcH;0S0,NMe, - (206)

0.225 Mol of N,N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly
to a stirring mixture of 0.25 mol of 2,6-dimethylphenol in 0.3 mol of triethylamine.

Stirring continued for 12 days
White crystals; yield and other properties not acquired.

m/z (EI) 229 (M" 30.7), 121 (100 base peak), 108 (57.70) and 91 (53.7).
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Pheny! 1,2-Di~(N, N-Dimethylsulfamate) CoHl 1.2-di(OSONMes)s (207,

=

0.45 Mol of N,N-dimethylsulfamoyl chloride in 100 mi dried CH,Cl, was added slowly
to a stirring mixture of 0.25 mol 2-hydroxyphenol in 0.3 mol of triethylamine. Stirriﬁg
continued for 20 days

Off-white crystals; yield and other properties not acquired

m/z (EI) 324 (M" 1.7), 108 (100 base peak), 217 (30.6) and 52 (33.0).
Phenyl 1,3-Di-(N,N-Dimethylsulfamate) C¢H, 1,3-di(OSO,NMe,), (208)

0.45 Mol of N,N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly
to a stirring mixture of 0.25 mol of 3-hydroxyphenol in 0.3 mol of triethylamine. Stirring

continued for 20 days.
Off-white crystals; yield and other properties not acquired.

m/z (EI) 324 (M+ 22.4), 108 (100 base peak), 244 (11.2) and 92 (12.4),
1-Naphthyl N,N-Dimethylsulfamate C,,H,0S0,NMe, "> @ (209)

0.18 Mol of N, N-dimethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly
to a stirring ‘mixture of 0.2 mol of I-naphthol in"0.24 mol of triethylamine. Stirring

continued for 120 hours.
White crystals; MP 65°C — 66.5°C; 48% yield from (n-hexané / diethyl ether).

m/z (EI) 251 (M" 43.1), 115 (100 base peak) 143 (90.9) and 144 (28.4).
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__2,4,6-Trichlorophenyl MN:dimethylsulfa.mate,2,4,6=trjcIcgﬂzesezm'ez‘.?ﬁﬁﬂ(-210)-«-~

0.225 mol of N,N-dimethylsulfamoyl chloride in 100 ml dries CH,Cl, was added slowly
to a stirring mixture of 0.25 mol of 2,4.6-trichlorophenol in 0.3 mol of triethylamine.
Stirring continued for 120 hours.

White crystalé: mp 115.5°C - 116.5°C: 67% yield from (n-hexane/diethy] ether).
Vmax/cm™ (KBr disc) 1136 and 1294 {sym & antisym 8=0 str), 1562 (C-H Ar) and 2980
'(S-N w).

m/'z (EI) 305 (M 1.8), 108 (100 base peak), 167 (4.8) and 197 (4.3),
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Phenyl N, N-diethylsulfamate C;H:OSQ,NEf, 2@-°) (211)_..

0.18 Mol of N,N-diethylsulfamoyl chioride in 100 m! dried CH,Cl, was added slowly to
a stirring mixture of 0.2 mol of phenol in 0.24 mol of triethylamine. Stirring continued

for 48 hours.

Clear liquid: bp 106°C — 109°C @ 7 x 10" mm Hg.; yield 70% from reduced pressure
distillation. | |
Found: C, 52.61; H, 6.52; N, 6.40. CjoHsNO;S requires C, 52.40;, H, 6.55; N, 6.11.
Vmax/om’”! (Neat) 1150 and 1372 (sym & antisym S=0O str), 1587 (C-H Ar) and 2985 (S-N
w).

m/z (EI) 229 (M" 29.9), 136 (100 base peak), 108 (66.8) and 214 (25.2).
4-Fluorophenyl N,N-diethylsulfamate p-FCsH,OSO;NEt, (212)
0.18 Mol of N, N-diethylsulfamoy! chloride in 100 ml dried CH,Cl; was added slowly to

a stirring mixture of 0.2 mol of 4-fluorophenol in 0.24 mol of triethylamine. Stirring

continued for 24 hoﬁrs.

Clear liquid: bp 127°C — 129°C @ 8 x 10" mm Hg.; yield 77% from reduced pressure

distillation.

_Found:_C, 48.57, H, 6.06; N, 5.69. Ci10H14058NF requires c, 48.5’-7; H,5.71; N, 5.66.
_wuma,{/cm'1 (Neat) 1156 and 1371 (sym & antisym S=0 str), 1599 (C-H Ar) and 2980 (8-N
w). |

m/z (E1) 247 (M, 8.3); 136 (100, base peak); 83 (63.1): and 111 (34.9),




-'.-v/

4-Chlorophenyl N, N-diethylsulfamate _D;CIC5H405Q3NE12 @& @ (213)m

0.18 Mol of N,N-diethylsulfamoyl chloride in 100 ml dried‘ CH:Cl, was added slowly to
a stirring mixture of 0.2 mol of 4-chlorophenol in 0.24 mol of triethylamine. Stirring
continued for 72 hours.

* Clear liqud; bp 123°C - 125°C @ 4 x IO'I-mm Hg.; yield 81% from reduced pressure
distillation.

Found: C, 45.62; H, 5.24; N,' 5.00. CwHMNClO;S requires C, 45.54; H, 5.31; N, 5.31.
Uma/em” (Neat) 1167 and 1371 (sym & antisym s¢r), 1583 (C-H Ar) and 2981 (S-N w).

m/z (EI) 263 (M, 5.6); 136 (100 base peak); 94 (34.6); and 108, (20.4),

It was synthesised by an alternative route As per method in ? © N,N-diethyl sulfonyl
chloride was added dropwise at 100°C with good stitring, to the sodium salt of 4-
chlorophenol in xylene. The reaction is initially exothermic and is conﬁnued by refluxing
for one hour. After filtering off the salt the solvent is removed by reduced pressure

distillation and the compound is purified by bulb to bulb distillation. -
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4-Bromophenyl N,N-diethylsulfamate D-BrC.H.OSO,NEt,. . : s L) B

0.225 Mol of N, N-diethylsulfamoyl chloridc; in 100 ml dried CH,Cl; was added slowly to
a stirring mixture of 0.25 mol of 4- -bromophenol in 0.3 mol of triethylamine. Stirring
continued for 14 days.

Clear pale yellow liquid: bp 156°C — 159°C @ 4 mm Hg.; yield 72% from reduced
pressure distiilation.

Found: C, 39.52; H, 4.95; N, 4.92. C\oH;sNBr0,S requires C, 38.99; H, 4.55; N, 4.55.
Vga/em”! (Neat) 1152 and 1366 (sym & antisym S=O srr), 1582 (C-H Ar) and 2980 (S-N
w).

m/z (1) 309 (M" 4.8), 136 (100 base peak), 108 (18.3) and 143 (10.7).

4-Todophenyl N,N-diethylsulfamate p-ICcH,OSO,NELt, (215)

0.225 Mol of N, N-diethylsulfamoyl chloride in 100 ml dried CH,Cl, was added slowly to
a stirring mixture of 0.25 mol of 4-1odophenol in 0.3 mol of triethylamine. Stirring
continued for 24days.

Yield <0.1%, as estimated from GC.

m/z (EI) 355 (M 15.1), 136 (100 base peak), 92 (26.6) and 219 (14.0),
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2,6¢Dic_lgloropﬁhﬁenyﬂ_l__']y,N-diethylsulfavmate,2,6:diCIC5H30SOgNEt2__-—---~- —-{216

I

0.225 Mol of ]\/,N;diethylsulfamoyl chioricié in 100 ml dned CH;,Cl, was added slowly to
a stirring mixture of 0.25 mol of 2,6-dichlorophenol in 0.3 mol of triethylamine. Stirring
continued for 12 déys.

-White crystals: mp 46.5°C — 47.5°C; 43% yield from (n-hexane/diethyl ether).

Found: C, 40.06; H, 4.19; N, 4.19. C10H53NC1,0,8 requires C, k40.27; H, 4.36; N, 4.69.
Vga/em™ (KBr disc) 1182 and 1372 (sym & antisym S=O str), 1572 (C-H Ar) and 2978
(S-N w).

m/z (EI) 297 (M 3.1), 136 (100 base peak), 108 (17.0) and 73 (12.5)
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Phenyl N,N-di-n-propylsulfamate C-H:QSO:N(n-Pr, ___.____ -(217)-

_ 0.18 rhol of MN—di-n-propyléulfaﬁoyi chloride in 100 ml dries CH,CI, was added slowly
to a stirring mixture of 0.2 m<;1 of phenol in 0.24 mol of triethylamine. Stirring continued
for 72 hours.

Pale yellow liquid: bp 112°C- 113°C @ 4 x 10"l mm Hg; yield 83% from reduced
. pressure &istillation. Found: C, 56.04; H, 7.32; N, 5.77. C12H19N03S requires C, 56.03;
H,7.39; N, 5.45.

Vmax/cm” (Neat) -1 149 and_ 1376 (sym & antisym S=0 str), 1589 (C-H Ar).and 3069 (S-N
W), |

m/z (EI) 257 (M 2.6), 65 (100 base peak), 107 (53.2) and 186 (19.7).
4-Fluorophenyl N,N-di-n-propylsulfamate P-FCsHs0SO;N(n-Pr), . (218)

. 0.18 Mol of N, N-di-n-propylsulfamoyl chloride in 100 ml dried CH,Cly was added
slowly to a stirring mixture of 0.2 mol of 4-fluorophenol in 0.24 mol of triethylamine.
Stirring continued for 48 hours.

Clear pale yellow liquid: bp 116‘_’C ~-118°C@3x 10" mm Hg.; yield 72% from reduced
pressure di-sti]}ation. Found:-C, 52.12; H, 6.44; N, 4.26. C12H1803SNF requires C, 52.35;
H, 6.59; N, 5.09. ~

. Uma/om (Neat) 1156 and 1377 (sym & antisym S=0 str), 1591 (C-H Ar) and 2970 (S-N
w). |

m/z (EI) 275 (M” 10.9), 43 (100 base peak), 164 (34.2) and 246 (23.6).
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'%C@]rorophpp_yl N,N-di-n-propylsulfamate

0.18 Moi of -N,N-di‘-n-propyl‘sulfamoyl chloride in 100 mi dried CH,Cl, was aaded
slowly to a stirring mixture of 0.2 mol of 4-chlorophenol in 0.24 mol of triethylamine.
Stirring continued for 120 hours.

Clear liquid: bp 126°C - 129°C @4 x 10" mm Hg.; yield 87% from reduiced pressure
distillation. Found: C, 49.51; H, 6.06; N, 5.05. Ci2H1gsNCIO;8 requires C, 49.40; H,
~ 6.17; N, 4.80. |

Vmax/cm’! (Neat) 1162 and 1376 (sym & antisym S=0 str), 1585 (C-H Ar) and 3100 (S-N
w).

m/z (EI) 291 (M” 6.0), 58 (100 base peak), 164 (65.0) and 127 (61.6).
4-Bromophenyl N,N-di-n-propylisulfamate P-BrCgHsOSO,N(n-Pr) (220)

10.225 Mol of N, N-di-n-propylsulfamoyl chioride in 100 m] dried CH,Cl, was added
slowly to a stirring mixture of 0.25 mol of 4-bromophenol in 0.3 mol of triethylamine.
Stirring continued for 14days.

Clear yellow liquid: bp 135°C — 138°C @ 1.5 mm Hg ; yield 83% from reduced pressure
distillation. Found: C, 43.50; H, 5.71; N, 3.95. C12H,30:SNBr requires C, 4287, H,A 5.40;

N, 4.17.

Vpax/cm” (Neat) 1154 & 1165 (sym & antisym S=O str) 1580 (C-H Ar) and 2969 (S-
Nw).

m/z (EI) 337 (M" 5.7), 58 (100 base peak), 164 (68.7) and 173 (21.2),
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4-Methylphenyl N,N-di-n-propylsulfamate P-MeCH:OSON(n-Pr). . 331\ .

0.18 Mol of N,N—di-n-propylsﬁlfamoyl chloride in 100 ml dried CH,Cl, was added
slowly to a stirring mixture.of 0.2 mol of 4-methylphenol in 0.24 mol of triethylamine.
Stirring continued for 126 hours. _

Pale yellow liquid: bp 122°C — 124°C. @ 3 x 10" mm Hg yield 74% from reduced.
pressure distillation.

m/z (EI) 271 (M 4.8), 58 (100 base peak), 121 (53.2) and 200 (19.7).
4-Ethylphenyl N,N-di-n-propylsulfamate P-EtCsHsOSON(n-Pr), (222)

0.18 Mol of ]\/’,N—di-n-propylsulfamoyl chloride in 100 ml dried CH,Cl, was added
slowly to a stirring mixture of 0.2 mol of 4-ethylphenol in 0.24 mol of triethylamine.
Stirring continued for 7 days. |

Pale yellow viscous liquid: 128°C — 130°C @2 x 10" mm Hg.; yield 67% from redﬁced
pressure distillation. | o

m/z (EL) 285 (M 11.7), 58 (100 base peak), 135 (44.2) and 214 (23.2).
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2,6-Dichlorophenyl N, V-di-n-propylsulfamate 2:6-0iCICHOSO0;N Py (223D

ate -y

0.225 Mol bf MN;di-ﬁ-propylsﬁlfam(;yl chloﬁ&e in- 100 ml dried ‘CHZCIZ was added
slowly to a stiming mixture of 0.25 mol of 2,5-dichlorophenol in 0.3 mol of
triethylamine. Stirring continued for 14 days."

White crystals: mp 46.5°C — 47.5°C; 52% yield from (n-hexane/diethyl ether). Found: C,
43.94; H,5.18; N 3.55. C12H17038NCl, requires C, 44.18; H, 5.25;N, 4.29.

Vmax/cm” (KBr disc) 1176 and 1377 (sym & antisym S=O str), 1570 (C-H Ar) and 2976
(S-N w).

m/z (EI) 327 (M -), 58 (100 base peak), 164 (57.6) and 122 (49.4)
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_._The rearrangement of the phenylsnlfamates to.the phenylenifonamides(224.229) ..

The“ gé&%ral procevdu:re for this novel thia-Fries rearrangement involves the reaction of
~500 mg of sulfamate in a 1:1.2 molar ratio with the catalyst AICl; at a temperature of
140 + 3°C for 30 mins. The reaction was carried out in a 25 ml round-bottomed flask |
using an oil bath as a ﬁeat source and quenched Qith 10 ml of 1 molar HCI. After.
extraction with 3 aliquots_c;f CH,Cl, the product(s) were washed (H,0), dried and the
solvent evaporated off. Purification and separation was carried out by column
chroma_tography, (Merck Kiselgel 60 eluting with n-hexane / diethyl ether in a stepwise

manner, from 100/0 in 5% moieties) or by reduced pressure distillation.
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2-Hydroxyphenylsulfonamide ™ ©:

(24N
==ty

2.5 Mmol of phenylsulfamate was rearranged using 3.75 mmol AICl; at 150°C for 60
min.
White crystals; m.p. 137°C - 139°C. 18% yield from (n-hexane/diethyl ether).

m/z (EL} 173 (M" 51.0), 64 (100 base peak), 156(75.1) and 80 (45.3).

3-Fluoro-6-hydroxyphenylsulfonamide: (225)

2.4 Mmol of 4-fluorophenylsulfamate was rearranged using 2.9 mmol AICI; at 140°C for
30 mins.
Yield <0.1% as estimated from GC.

m/z (E1) 191 (M 42.7), 82 (100 base peak), 174 (49.0) and 126 (24.6).
3-Chloro-6-hydroxyphenylsulfonamide: : - (226)
2.4 Mmol of 4-chlorophenylsulfamate was rearranged using 2.9 mmol AlCl; at 140°C for
30 mins. .

Yield <0.1% as estimated from GC.

m/z (EI) 207 (M" 30.9), 63 (100 base peak), 126 (51.2) and 190 (51.1),
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3-Bromo-6-hvdroxvphenylsuifonamide:,

. 391

\“I}

2.4 Mmo! of 4-bromophenylsulfamate was rearranged using 2.9 mmol AICl; at 140°C for
30 muins.
Yield <0.1% as estimated from GC.

m/z (ET) 251 (M+ 19.7), 63 (100 base peak), 253 (20.2) and 236 (32.3),

2-Hydroxy-5-methylphenylsulfonamide: (228)

t

2.4 mmol of 4-methylphenylsulfamate was rearranged using 2.9 mmol of AICl; at 140°C

for 30 mins.
Yield <0.1% as estimated from GC.

m/z (EI) 187 (M+ 69.9), 78 (100 base peak) and 170 (75.4),
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The rearrangement _6f the phenyl N.N-dialkylsulfamates to_the phenyl N,N-._....

dialkylsulfonamides (229-250) .-

2-Hydroxyphenyl N,N-dimethylsulfonamide ™ (229)

3 Mmol phenyl N, N-dimethylsulfamate was rearranged by heating, using 3.6 mmol AICl,
at 140°C for 30 mins to give the two isomers (229 and 230) in 88% total yield.

Wilite crystals: 91°C — 92°C from (n-hexane / diethyl ether); yield 42%

Found C, 47.70; H, 5.37; N, 6.92. CgH,;NO;S requires C, 47.76; H, 5.47; N, 6.96.
Vmax/cm” (KBr disc) 1131 and 1331 (sym & antisym S=O srr), 1585 (C-H Ar), 3094 (8-
N w) and 3383 (Ar-OH str).

m/z (EI): 201 (M" 19.7), 65 (100 base peak), 64 (46) and 92 (22.2)

This compound was synthesised by an alternative route. To 55 mmol of 2-
nitrobenzenesulfonyl chloride (Aldrich) was added two equivalents of 40% aqueous
dimethylamine ip 35 ml of CH,Cl,, stirréd for two hours, washed with water, 1M HCl
and water again dried and the solvent evaporated.  2-Nitrophenyl N,N-
dimethylsulfonamide, the product,'was recovered in 91% yield. The reduction of the
nitro group to an amine was carried out by catalytic hydrogenation with acid and tin. 20
Mmol of 2-nitrophenyl N,N—dimethylsulfonamide was stirred with 50 ml 10M HCI and
5g-tin for two.hou'rs which gave 78% yield (estimated from GC) of 2-aminophemyl N,N-

dimethylsulfonamide after work up. This product was not purified but was subjected to
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the Sandmeyer tvpe Teanionawhere“thehdiaz.on_iun--gvumwassrﬂp}aced—by»th&hydrﬁxyi

group to give compound 229. 9 Mmol of 2-aminophenyl ]\/,N-dime_thylsulfonamide was
w@ed iﬁ 15 ml 7of 6M Hﬁ(); to dissolve al_ld cooled to < 5°C where 1 equivelent of
NaNQ,, dissolved in 15 ml water, was added slowly while maintaining the temperature.
This reaction gavé a yieid of 42% of 2-hydroxyphenyl N, N-dimethylsulfonamide after

purification by column chromatography (n-hexane / diethyl ether).

4-Hydroxyphenyl N,N-dimethylsulfonamide "> (230)

3 Mmol phenyl N, N-dimethylsulfamate was rearranged by heating, using 3.6 mmol AICI,
at 140°C for 30 mins to give the two isomers (229 and 230) in 88% total yield.

White crystals: 97°C - 98°C from (n-hexane / dje.thyl ether); 46% yield.

Found: C, 47.68; H, 5.26; N, 6.91. CgH;;NO;S requires C, 47.76, H, 5.47; N, 6.96.
Uma/om”’ (KBr disc) 1162 and 1338 (sym & antisym S=O str ) 1590 (C-H Ar), 3069 (S-
Nw) and 3377 (Ar-OH str) .

m/z (EI) 201 (M" 15.0), 93 (100 base peak), 65 (90."/) and 94 (25.3).
3—Flu0r0—6-hydroxyphenyl N,N-dimethylsulfonamide: (231)
3 Mmol of 4-fluorophenyl N, N-dimethyisulfamate was rearranged with 3.6 mmol AICI;

at 140°C for 30 mins.
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White crystals mp 74.4°C = 74 92C;.59% yield.from (n-hexane ! digthylgther) s mmmans

Found: C, 43.86; H, 4.72; N, 6.70. C3H10N03SF requlres C,43. 93 H, 4 60 N, 6.39.
l)m,,x/cm (Kbr dlSC) 1141 and 1320 (sym & antisym S=0O str) 1581 (C-H Ar), 3082 (S-N
w) 3417 (Ar-OH str).

m/z (E1) 219 (M" 14.9), 44 (100 base peak), 45 (91.1) and 83 (17.9)

3-Chloro—6~hydroxyphenyl N,N-dimethylsulfonamide: (232)

3 Mmol of 4-chlor6phenyl N,N-dimethylsulfamate was rearranged with 3.6 mmol AlCl;
at 140°C for 30 mins.

White crystals: mp 62°C - 63°C; 69% vield from reduced pressure distillation.

Found: C, 40.65; H, 4.13; N, 5.72.VC3H10NC103S requires C, 40.76; H, 4.25 N,v5.94.

" Umax/em” (KBr disc) 1136 and 1331 (sym & antisym S=O str), 1577 (C-H Ar), 3074 (8-
N w) and 3323 (Ar-OH str).

m/z (EI) 235 (M 34.1), 63 (100 base peak), 99 (45.0) and 73 (44.7).

" 3-Bromo-6-hydroxyphenyl N,N-dimethylsulfonamide; (233)
3 Mmol of 4-bromopheny! N, N-dimethylsulfamate was rearranged with 3.6 mmol AlCl

at 140°C for 30 mins.

Pale brown crystals: mp 71.5°C — 72.5°C; 72% yield from reduced pressure distillation.
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Found: C, 24281, 3,.48';“131, 4.90. CgHioNBrO:S. requires.C, 34.29; H3,57: N 500, ... ..

Vpmax/cm™ (KBr disc) 1136 and 1338 (sym & antlsym $=0 str) 1564 (C-H Ar), 3100 (S-N -

w) and 3358 (Ar OH str).

m/z (EI) 279 (M" 7.5), 281 (M 7.5), 63 (100 base peak) and 53 (42.6).

2-Hydroxy-5-iodophenyl MN—dimethylsulfbnamide: (234)

3 Mmol of 4-iodophenyl N, N-dimethylsulfamate was rearranged using 3.6 mmol AICl; at

140°C for 30 mins.
Yield < 0.1% as estimated by GC.

m/z (EI) 327 (M 34.8), 63 (100 base peak), 53 (69.9) and 92 ( 37.0).
2-Hydroxy-5-methylphenyl N,N-dimethylsulfonamide: (235)

3 Mmol of 4-methylphenyl N, N-dimethylsulfamate was rearranged using 3.6 mmol AICl;
at 140°C for 30 mins. |

White crystals: mp 57°C - 58°C; 49% yield from reduced pressure distillation. -

Found: C, 50.30; H, 6.06; N, 6.47. CsH;5NO;S requires C, 50.23; H, 6.09; N, 6.51.
Uma/em’’ (KBr disc) 1124 and 1324 (sym & antisym S=0O- str) 1585 (C-H Ar), 2973 (S-

N w) and 3335 (Ar-OH str).

m/z (EI) 215 (M"28.6), 77 (100 base peak), 107 (28.6) and 108 (17.7).
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_3-Ethyl-6-hydroxyphenyl N,N-dimethylsulfonamide:_ (236). ...

3 Mﬁoj of Lethylphl:nyi ]\/’,N—dimethylsulf.ama.ml was rearranéed usihg“3.6‘mmo] AlCl;
at 140°C for 30 mins.

Pale yellow liquid: bp 110°C — 112°C @ 9 x 10" mm Hg.; yield 48% from reduced
pressure distillation.

Found: C, 52.56; H, 6.66; N, 5.92. C1oH;sNO;S réquires C,52.38; H, 6.59; N, 6.11.
Vpmay/om’™ (Neat) 1136 and 1335 (sym & antisym S=O str), 1582 (C-H Ar), 3031 (S-N w)
and 3347 (Ar-OH str).

m/z () 229 (M 29.5), 77 (100 base peak), 107 (30.3) and 214 (7.7).

2,4-Dichloro-3-hydroxyphenyl N,N-dimethylsulfonamide 75¢ % - (237)

3 Mmol of 2,6-dichlo?ophenyl N, N-dimethylsulfamate was rearranged using 3.6 mmol
AlClj; at 140°C for 30 mins.

White cry-stals: 158°C — 159.5°C; 76% yield from' (n-hexane/diethyl ether).

Found: C, 35.94; H, 2.72; N, 4.86. CsHoNC1LO5S requires C, 35.55; H, 3.33; N, 5.18.
Vma/em’ (KBr dsc) 1132 and 1393 (sym & antisym $=0O str), 1568 (C-H Ar), 3077 (S-N
w) and 3348 (Ar-OH st7),

m/z (E1) 269 (M" 46.7).62 (100 base peak), 161 (55.2) and 177 (36.6).
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_2-Hydroxyphenyl N,N-diethylsulfonamide: - i v e (23R

\-vv.'}

3 Mmoi of pﬁenyl N,]'V-dj-ethylsulfamate. was Vrlearranged using 3.6 mmol AICI; at 140°C
for 30 mins.

Clear liquid; bp 137°C - 139°C @ 1 mm Hg,; 85% joint yield with o/p ratio = 1 from (-
hexane/diethyl ether). .

Found: C, 52.04; H, 6.06; N, 5.78. CjoH;sNO;S requires C, 52.40; H, 6.55; N, 6.11.
Vppax/cm”! (Neat) 1128 and 1323 (sym & anti sym $=0 str), 1581 C-IN Ar), 2979 (S-N w)
and 3315 (Ar-OH str).

m/z (BI) 229 (M" 1.5), 58 (100 base peak), 93 (19.9) and 157 (16.3),

4-Hydroxyphenyl N,N-diethylsulfonamide >® &77- (239)

3 Mmol of phenyl N, N-diethylsulfamate was rearranged using 3.6 mmol AlCi; at 140°C
for 30 mins.

White crystals: mp 94.5°C - 95.5°C; 85% joint yield with o/p ratio = 1 from (n-
hex'ane/diethy] ether).

Found: C, 52.34; H, 6.37; N, 6.01. C1oH1sNOsS requires C, 52.40; H,6.55: N, 6.11.
Vpmax/om” (KBr disc) 1155 and 1325 (sym & antisym S=0 s¢r), 1590 (C-H Ar), 2580 (S-
N w) and 3358 (Ar-H str).

m/z (E1) 229 (M 1.6), 58 (100 base peak), 65 (22.6) and 157 (19.6),
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_ This_ comnound was..svnthesised. by..an_.alternative_methad. . To . 70..mmoloofi A s

rapansa”

nitrobenzenesulfony! chloride (Aldnch) was added two equlvalents of methylamme‘ in
-"50 ml] of~61CMO%;)me;;ilane After stirring for two hours the reactlon mixture was washed
with water, 1M HCI and water again before drying and evapora_ting' the solvent. 4-
Nitrophenyl N, N-diethylsulfomamide, the product, was recovered in quantitative yield,
Thelreduction of the nitro group to an amine was carried out by catalytic hydrogenation
with acid and tin. 20 Mmol of 4-nitrophenyl N, N-diethylsulfonamide Was stirred with 50
mi 10M HCL and Sg tin for two hours which gave 66% yield (estimated from GC) of 4-
aminophemyl N, N-diethylsulfonamide after work up. This product was not purified but
was subjected to the Sandmeycf type reaction where the diazonium group was replaced
by the hydroxyl group to give compound 23',;). 6 Mmol of 4-aminophenyl N,N-
diethylsulfonamide was warmed in 13 ml of 6M H,80; to dissolve and then cooled to <
5°C. One equivalent of NaNO, dissolved in 10 mi water, was added slowly while
temperature was maintained. The mixture was stirred at room temperature for 15
minutes, then at 50°C for a further 15 minutes and then extracted with 3 aliquots of
CH,Cl; which gave a yield of 33% of 4-hydroxyphenyl N,N-diethylsulfonamide after

purification by column chromatography (n-hexane / diethyl ether).
3-Fluoro-6-hydroxyphenyl N,N-diethylsulfonamide: (240)
3 Mmol of 4-fluorophenyl N, N-diethylsulfamate was rearranged using 3.6 mmol AICI; at

140°C for 30 mins.
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Clear pale yellow liquid: bp 99°C-101°C @ Imm Hg.; 69% yield from reduced pressure
dgstllation.

Found: C, 48.38; H, 5.76; N, 5.77. Cy;HsNO;SF requires C, 48.57; H, 5.71; N, 5.66
Uma/om” (Neat) 1124 and 1326 (sym & antisym S=O str), 1597 (C-H Ar), 2980 (S-N w)
and 3337 (Ar-OH str)

m/z (EI) 247 (M" 13.9), 83 (100 base peak), 127 (60.3) and 232 (28.2).

3-Chlero-6-hydroxyphenyl N,N-diethylsulfonamide: (241}

3 Mmol of 4-chlorophenyl N, N-diethylsulfamate was rearranged using 3.6 mmol AlCl; at
140°C for 30 mins,

White solid (at low temp.): mp 29°C — 31°C; yield 67% from reduced pressure
distillation.

Found: C; 45.57; H, 5.30; N, 5.33. C;gH;,NCIO;S requires C, 45.54; H, 5.31; N, 5.31.
umxléln" (Neat) 1136 aﬁd 1325 (sym & antisym $=O s1r), 1577 (C-H Ar), 3081 (S-N ﬁz)
©and 3320 (Ar-Hsr),

m/z (EI) 263 (M" 14.3), 72 (100 base peak), 64 (38.3) and 248 (23.2),
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3-Bromo-6-hydroxyphenyl N,N-diethylsulfonamide: | (242)

- 3 Mmol of 4-bromophenyl N, N-diethylsulfamate was rearranged using 3.6 mmol AIC; at

140°C for 30 mins.

Pale yellow liquid: bp 139°C —142°C @ 8 x 10" mm Hg.; yield 86% from reduced
pressure distillation. |

Found: C, 39.36; H, 4.60; N, 4.56. C1oH,4NBrO;S requires C, 38.96; H, 4.55: N, 4.55.
Uma/om’™ (Neat) 1131 and 1319 (sym & antisym S=O str), 1588 (C-H Ar), 2979 (S-N w)
and 3328 (Ar-OH str),

m/z (EI) 309 (M 10.1), 72 (100 base peak), 294 (21.0) and 292 (20.8),

2-Hydroxy-5-iodophenyl N,N-diethylsulfonamide: (24!,3)

3 Mmol of 4-iodophenyl N,N-diethyisulfamate was rearranged using 3.6 mmol AICI; at -
140°C for 30 mins.
Yield <0.1% as estimated by GC.

m/z (EI) 355 (M 26.4), 63 (100 base peak), 92 (41.4) and 340 (33.9).
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2,4_-Dichloro—3-hydmxy,phenyLM.N.—{!iet!zy!su!-ogamide:%-v-n-r- s ' 244

3 Mmol of 2,6-dichlorophenyl N,N-Ziiethylsulfamate was rearranged using 3.6 mmol

AICl; at 140°C for 30 mins.

White crystals: mp 200°C — 203°C; 69% yield from (n-hexane/diethy] ether).
Found: C, 40.13; H, 4.03, N, 4.68. Ci10H13NC1;0,8 requires C, 40.27; H, 4.36; N, 4.70.

Umax/cm”’ (KBr disc) 1149 and 1325 (sym & antisym S=0 str), 1564 (C-H Ar), 3069 (S-

Nw) and 3345 (Ar-OH str).

m/z (E1) 297 (M" 8.7), 225 (100 base peak), 227 (64.6) and 299 (5.7),
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3 Mno] of pﬁenyl N,N-di-n-propylsulfamate was rearranged using 3.6 mmol AICI; at
140°C for 30 mins. |

Pale yellow liquid: 122°C - 124°C @ 1 mm Hg,; 77% joint yield with 'O/p ratio = 1.65
from (n-hexane/diethyl ether).

Found: C, 5591; H, 7.14; N, 5.22. C12H19NOsS requires C, 56.03; H, 7.39; N, 5.45.
Uma/em” (KBr disc) 1125 and 1382 (sym & antisym S=0 str), 1580 (C-H Ar), 2967 (S-
N w) and 3310 Ar-OH str). m/z (EI) 257 M" 3.7, 72 I(lOO base peak), 228 (28.7) and

157 (22.4).

4-Hydroxyphenyl N,N-di-n-propylsulfonamide "®: (246)

3 Mmol of phenyl N,N-di-n-propylsulfamate was rearranged using 3.6 mmol AICl; at
140°C for 30 mins.

White crystals: mp 100°C - 102°C: T7%; joint yield with o/p ratio = 1.65 from (n-
hexane/diethyi ether). |
Found: C, 55.18; H, 7.20; N, 5.33. C},H,NO;S requires C, 56.03; H, 7.39; N, 5.45.'
Vmax/cm’” (KBr disc) 1152 and 1317 {sym & antisym S=0 str),'1596 C-H Ar), 2962 (S-N
w) and 3355 (Ar-OH str),

m/z (EI) 257 (M 0.5), 72 (100 base peak), 93 (20.0) and 157 (19.8).
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3-Fluoro-6-hyd roxyﬁhenyl N,N-di-n-propylsulfonamide; _ (247)

3 Mmol of 4-fluorophenyl N,N-di-n-propylsulfamate was rearranged using 3.6 mmol
AICI; at 140°C for 30 Irnins. |

Clear yellow liéuid: bp 127°C — 129°C @ 6 x 10" mm Hg; yield 52% from reduced
pressure distillation. ﬁ
Vea/em”! (Neat) 11'25 and 1328 (sym & antisym S=0O str), 1588 (C-H Ar), 2971 (S-N w)
and 3333 (Ar-OH str).

m/z (EI) 275 (M 8.8), 72 (100 base peak), 246 (38.8) and 127 (28.3).

3-Chloro-6-hydroxyphenyl N,N-di-p-propylsulfonamide: ‘ (248)

3 Mmol of 4-chlorophenyl N, N-di-n-propylsulfamate was rearranged using 3.6 mmo}
AlCl; at 146°C for 30 mins.

Pale yellow liquid: bp 138°C — 140°C @ 7 x 10" mm Hg.; vield 36% from reduced
pressure distillation. |

Found: C,49.55; H, 5.92; N, 4.37. C2H1sNCIO;S requires C, 49.40; H,6.17; N, 4.80,
Umax/cm”’ (Neat) 1132 and 1324 (sym-& antisym S=0O str), 1570 (C-H Ar), 2968 (S-N w)
and 3324 (Ar-OH str).

m/z (E1) 291 (M"0.9), 72 (100 base peak), 262 (4.5) and 143 (4.7),
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3-B[gm0;6:hydmxypheny!.N;deisﬂsp;np Asulfonamide:... i it (D A

~ ‘}'-w“-.-.vnumxvv'

‘3 Mm;)I of- 4-bro_11;10ph-e:;1yi N, N-di-n-propylsulfamate was rearranged using 3.6 mmol
AICl; at 140°C for 30 mins.

Pale yellow liquid: bp 155°C — 158°C @ 1.2 mm Hg; yield 44% from reduced pressure
éistillation. |

Found: C, 42.43; H, 5.26; N, 4.09. Ci2H1gNBrO;S requires C, 42.85; H, 5.36; N, 4.17.
Vgnax/Cm " {Neat) 1132 and 1320 (sym & antisym S=0 s¢r), 1588 (C-H Ar), 2967 (S-N w)
and 3332 (Ar-OH str).

m/z (EI) 335 (M" 0.6), 337 (M" 0.6), 72 (100 base peak) and 308 (3.3).

2,4-Dichloro-3-hydroxyphenyl N,N-di-n-propylsulfonamide: (250)

3 Mmol of 2,6-dichlorophenyl N, N-di-n-propylsulfamate was rearranged using 3.6 mmol
AlCl; at 140°C for 30 mins.

White érystals: mp 131.5°C — 135°C; 44% yeld from (n-hexane/diethyl ether).

Found: C,44.34; H, 5.18; N, 4.11. C12H;7NCL 058 requires C, 44.17; H 5.21;N,4.29. ‘
Vmax/em” (KBr disc) 1149 and 1388 (sym & antisym S=0 str), 1564 C-H Ar), 2965 (S-N
w) and 3345 (Ar-OH str).

m/z (EI) 72 (100 base peak), 225 (9.7), 296°(7.2) and 298 (5.0).
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RESULTS AND DISCUSSION ...

Th'e‘.sulfarr;ates and sulfonamides above which hgve é reference beside them have been
synthesised preﬁiously, 185, 187, 190, 195, 197, 200, 203, 209, 210, 213, 224, 229, 230,
237, 239 and 246. The other fifty compound which have been synthe;ised, from 185-250,
are novel products. Unless stated otherwise the b.p. / m.p. agree with the published
values in the literature and where they differ other methods of synthesis have been
carried out as detailed. For ali of the compounds a boiling point / melting point, a Yoyield,
aC,Hand N microanalysis, an infrared spectrum and an electron impact induced mass
spectra was acquired. For a few of the compounds their yield was so minute that only
with separation by gas chromatography coupled to mass spectrometry could the product

of interest be identified.

The phenylsulfamates, compounds 185-194, ga\}e very good yields except for 189, 193

and 194 (Table 1). The method used was that of Okada ¢’ and described previously.

CISO,NH,
ROH X ROSO,NH,
N,N-dimethyl acetamide )

{R = aryl, 1° or 2° alkyl)

Fig. 9

The parent compound, phenylsulfamate (185), when synthesised was found to have a

m.p. of 80.8 — 81.2°C. (lit **® 86°C, lit *® 85°C) and because the rearrangement to the
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Compound
i

Phehylsulfamate
4-Fluorophenylsulfamate
4-Chlorophenylsulfamate

4-Bromophenylsulfamate

i
d
4-lodophenylsulfamate

.

Appearance

White
Crystals

White
Crystals

White
. Crystals-

White
Crystals

Properties of phenyl sulfamates (1)

MP/BP Yield
0TS oo
5o% e
L
IS o

<1%

-97 -

Table 1

Formulae

CgHsNO5S

CsHsNO3SF

CeMHgNO5SCI

OmImZOmmm_.

CgHsNO;SI

Requires

C,41.61; H,4.07,
N,8.09 -

C,37.7; H3.16;
N,7.33

Found

C,41.53; H,3.92;
N,7.73

C,38.07; H,3.27;
N7.54

Mass Spectra (El)

173 (M*,12.2), 94 (100
base peak)

191 (M*, 10.1), 112 (100
base peak)

207 (M*, 11.8), 128 (100
base peak)

252 (M, 14.7), 172 (100
base peak)

298 (M™ 35.3), 220 (100
base peak)




iCompound

a-zm:me_usma‘_m::m:._mﬁm

h-mﬁzm._v:m:gmc:mamﬁm

m_m-inmoBnma_mc_*m_.:mﬁm

N_m-c_%“_oau

i
m_m-owc&“a:on

T

:mi_mc:mamﬁm

henylsulfamate

Properties of phenyl sulfamates (2)

Appearance MP/BP Yield

SR S
ow, ST
<1%

\

Table 2

Formulae

C/HgNOSS

CsH11NOSS

CeHsNO5SF,

OmImZOmmO_N

OmT_mZmem_. 2
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Requires.

C,34.45; H2.41;
'N,6.70

Found

C,34.73;
H,2.21; N,6.22

Mass Spectra (El)

187 (M*, 32.7), 108
(100 base peak)

201 (M*, 29.7), 107
(100 bhase peak)

209 (M*, 2.8), 130
(100 base peak)

241 (M, 3.3), 161
(100 base peak)

331 (M*, 2.1), 43 (100
base peak)



i : e P UL S J R
.sulfonamide.was.not.very.successful no further or-aMermative 5 yithesis-was*carmied oul=

VAP it wH

Likewise, 4-chlorophenyl sulfamate (1_8’7)‘ was found to have a m.p. of 101.5°C -102°C
(ht 1(;5°C ®! and 104°C ®) but because its rearrangement was not successful no further
action was undertaken. 4-1odophenylsulfamate, 2,6-dichlorophenylsulfamate and 2,6-
A dibromophenylsulfamate, 189, 193 and 194, gave very poor yields dué assumingly to |
steric effects of the large iodine, ciﬂorine and bromine atoms compared to the fluorine
| compouﬁd. These compounds were not pﬁriﬁed by chromatographic separations as their
yields were so small. Rearrangement of these phenylsulfamates was not successful so

analysis and characterisation of these compounds was not carried out.

-99.




Svnthesis of N. N—dia!kv!ﬁ_!!!fs!mny,!_.ph Yeardde. oo oo
P &N B e L R g T e m Al Y

ASALS AR VAN

N.N-Dimethylsulfamoyl chloride ‘(Aldrich) was used as purchased while N, N-diethyl-
N, N-di-n-propyl- and N,N-di-n-butylsulfamoyl chlorides were synthesised by the method
of Gupta * as men‘[ioned~ above. The synthesis of the phenyl N,N-di-n-butylsulfamates

was attempted but the yields were very low, < 5% so this line of experimentation was.not
followed. u
 Et,N
RRNH +  CISOCI ~———>  CISO,NH,
CH,CI,
R = R' = CH,CH, or (CH,),CH,

Fig. 10
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_ Synthesis of the phenyl N.N-dialkylsulfamatec_, L n Sy U -

In the synthesis of phenyl N.N-dimethylsulfamate (195) the formation of N,N,N',N-
tetramethylsulfamide was a major problem which required multiple bulb to bulb
distillations for purification and as a consequence the yield rarely topped 50%. By

* changing the ratio of phenol to sulfamoyl chloride to 1 : 0.9 the problem was overcome,

4-Chloropheny N,N-dimethyllsulfamate (197) was required to be synthesised by an
alternative method as in scheme 68, because the boiling point did not correspond to

published values. The synthesis was as stated in the experimental section.

" OH O Na* ‘ ~ OSO,NMe,
© © Xylene
+ NaOH —» + CISO,NMe, —
c c cl
(251) (252) (197)
Scheme 68

Compounds (202), (203), (205), (206), (207), (208) and (209) were syntﬁesised at
various times during the project but were not planned for rearrangement. For this reason

they were not characterised apart from their mass Spectra.

The rearrangement of 2,4,6-trichlorophenyl N, N-dimethylsulfamate (210) was attempted

but with the para and both ortho positions blocked no mera- compound was formed
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Compound

Pheriyl N,N- -
{imethylsulfamate

~

i
ﬁm_u_coqou:m:ﬁ N, N-
dimethylsulfamate

4

Chioropheny! N,N-
imethylsulfamate

d

Bromopheny! N,N-

i

imethylsulfamate

4

NN

MBmSEm::mBmﬁm

k._oaov:mas N,N-
d

e k™

[N ) SN VTR B

Appearance

Pale <m=.0<<
Liquid

White
Crystals

Clear Liquid

Clear Liquid

Brown
Crystals

Properties of N,N-dimethylsulfamates (1)

MP / BP

129°C-130°C @
7x10"" mm Hg

51.0°C-52.0°C

130°C-132.0°C
@ 5x10'mm
" H

108°C-111°C @
14x10™" mm Hg

68.5°C 71.5°C

Table 3
Yield Formulae
82% CgHi{NO;S
84% CgHioNO,SF
80% CsHigNO,SCI
84% OmIBZOmmm_.
23.5% CesH1gNO5SI
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Requires

C 47.76; H
547, N 6.96

C43.84;H

4,57, N 8.68

C 40.76; H
4.25;N 5.94

C 34.29; H
3.57; N 5.00

C 29.36; H
3.06;N 4.28

Found

C47.73; H
549;N6.97

C44.16; H
5.06;N7.59

C 40.62;H
4.02; N 5.69

-C 3446, H

3.66; N 5.37

C29.79; H
3.14; N 4.54

Mass Spectra (El)

201 (M*,10.5), 108 (100
base peak)

219 (M", 7.1), 108 (100
base peak)

235 (M*, 3.8), 108 (100
base peak)

281 (M*, 8.7), 108 (100
‘base peak)

327 (M* 6.1), 108 (100
base peak)




1
{

i :
Compound Appearance
4-Misthylphenyl
I NN- Clear Liquid
- dimethyisulfamate
i |
i
4-Ethylphenyl N,N- o
dimethylsulfamate ~ ©'62" Liquid
i
i ”
4 :
2,6-Dichlorophenyl .
LA
dimethyisulfamate v
! A
2,4,6-,
Tricklorophenyl \
INN- White Crystals

dimettlylsutfaimate

i

B 2 e et e PR 0

Properties of phenyl N,N-dimethylsulfamates (2)

MP / BP

126°C-129°C @
4x10™" mm Hg

92°C-94°C @
ux‘_o-._ mm Hg

79°C-80.5°C

115.5°C-
116.5°C

Table 4
Yield Formulae Requires .
. . C 50.23: H
40% CoHiNOsS 5 N 6.51
C 5238 H
CroHisNO:S o N 611
C 35.56: H
CoHoNOsSCl 3733\ 5,18

CsHsNO3SCl;  Not Acquired

- 103 -

Found .

C 5043, H
6.01; N 6.66

C5232:H
6.66; N 6.03

C 3578, H
312, N6.42

Not Acquired

" Mass Spectra {El)

215 (M*, 19.4), 108
(100 base peak)

229 (M*, 15.3), 108
- (100 base peak)

269 (M*, 2.2), 108
(100 base peak)

305 (M*, 1.8), 108
(100 base peak)




OH .. . e ONAY s oo e e

Y YT e
UDUZI‘EIZ

(252) _ ’ (213)

Scheme 69

Compound (213), 4-chlorophenyl N, N-diethylsulfamate réquired alternative synthesis as
with the case of (197) the b.p. did not agree with the published figures so the reaction in

scheme 69, was carried out.

Compound (215), 4-iodophenyl N, N-diethylsulfamate was found to be very difficult to
synthesise and the reason for that is assumed to be steric hindrance on account of the
large iodine atoms. The low yield of 2,6-dichlofophenyl N,N-diethylsulfamate (216) is
also believed to be caused by steric hindrance."fhe only comment on the dipropyl séties

is that 4-methyl—and 4-ethylpheny1 N,N-dipropylsulfamate (221) and (222) were not

rearranged so consequently were not fully characterised.
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[

4

i

|

4

3

b
'k

P )

-C

Compound

Phenyl N,N-di-n-
propylsulfamate

Fluorophenyl N, N-di-n-
“mu_dg_mc:mam*m (218)

hlorophenyl N, N-di-n-

propylsulfamate (219)

Properties of phenyl N,N-di-n-propylsulfamates (1)

Appearance

Pale Yellow
Liguid

Pale Yeliow

Liquid

Clear Liquid

.Table 6

MP / BP Yield Formulae Requires

1M2°C-113°C @ oo C 56.03; H
4x10™ mm Hg 83% CraH1sNOS 7.39;N 5.45
116°C-118°C @ . . C5235 H

3x10-1mmHg /2% CrHeNOSF 7 "% e
126°C-129.0°C | C 49.40; H

@ax10'mmHg 81%  CiutheNOSCl =0 i o0
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Found

C 56.04; H
7.32; N
5.77

C52.12:H
6.44; N
4.26

C 4951 H
6.08; N
5.05

Mass Spectra
(Ef)

257 (M", 2.6), 65
(100 base peak)

275 (M7, 10.9),
43 (100 base
peak)

291 (M, 6.0), 58
(100 base peak)



7

Properties of phenyl N,N-di-n-propylsulfamates (2)

Table 7

. Compound Appearance MP / BP Yield ~ Formulae © Requires  Found ~ Mass Spectra

(ED

w»_-wqoBov:m:E N,N-

.y C435H 337 (M, 5.7),
di-n-propylsulfamate  Yellow Liquid C42.87;H

0 0
135°C-138°C @ 1.5 mm 571;N  58(100 base

83% OANIAmZOumm—.‘

(220) Hg S4NA4TT ~ "5g5 peak)
_ N ) . - o B 271 (M* 4.8)
4-Methylphenyl N,N- . 122°C-124°C @ 3x10" o : A !
di-n-propylsulfamate Yellow Liquid mm Hg 74% 58 (100 base
. _ peak)
4-Ethylphenyl N,N-di- . o o » . 285 (M 11.7),
jn-propylsutfamate <m__om< <__,M._oocm 128 O-Aﬁww:n_w.*® 2x10 67% _ 58 (100 base
| (222) iqui . g peak)
2,6-Dichioropheny! C4418;H C43.94; 327 (M'0.6),
m N.N-di-n- White Crystals 46.5°C-47.5°C 52%  CyH47NO;SCI, 5.25; N H518;N 58 (100 base
piopylsulfamate (223) 4.29 5.55 peak)
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Sulfonamides, the comn runds rearraneed.from th

OSO,NH, OH
——————
140°C / 30 min
(185) (224)
OSO,NH, OH
AlCl, SO,NH,
—

140°C / 30 min

R R

R =F(186), CI(187), Br(188), Me(190) R = F(225), CI(226), Br(227), Me(228)
Scheme 70

Phenylsulfamate (185), the parent compound in this series (185-194 scheme 70) was the
. only one to rearrange. The ortho- product 2-hydroxyphenylsulfonamide only was
identified and then just from compaﬁson_ to the mass spectra of the c;rresponding
cornpounds~ in the other series i.e. phenyl N, N-dimethylsulfamate, phenyl NN-
di_ethsflsu]famate. and phenyl N,N—di-n-propylsulfamate‘. The mp tempefature of this_ .
compound was reported as -+ @ 139.141°C. Fouﬁd‘137°C — 139°C. No alternative

synthesis was attempted.
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— Eriee_roarranaansamn
Hrieg rear

es-rearrangement-of phenylsulfamaic using Ao cataiystand 2150 using

AICl; and at varying temperatures and differing catalytic ratios

Catalyst Ratio
None
AICl, 1:1.2
" 1:1.5
" 1:1
" 1:1.2
" 1:15
" 1:2

Temp.°C  Time Hr.

80

L

Table 8

0.33

6
48
6
14
24
3

2.5

W W

%Rearranged

COQCOO0OOOCO

- =20
=35

~25

O /P Ratio

cooccocooo

Al Ortho

Fries rearrangement of phenyl sulfamate using various catalysts and differing
.catalytic ratios and using a range of temperatures

Catalyst - Ratio

ZnCl, 1:1.2

" 1:15

" 1:1.2

CuCl, 1:1.2

TiCl, 1:12

" 1:15
F6C|2 '
SnCl, "
NiCls "

Table 9

Temp.°C  Time Hr.

80
140
150
140
180

80

150

- 109 -

WDRWN W w Y

%Rearranged
0

=01

O /P Ratio
0
0
0
All Ortho
0
0
0

O -
All Ortho



Attempted.Eries.rearrangement of nhenvl.enlfamate in-a-homozencous— -

- — e e ' magT AR’ umusvnvuuu

solution

Tablie 10

Catalyst Ratio Temp.°C Time Hr. % Rearranged O /P Ratio
1M AICI, ' 4
Nitrobenzene 1:1.2 80 14 0 0
" 1:5 v " 0 0
" 1:15 140 -1 0 0
" 1.5 150 2 0 0

The yields for the above reactions in Tables 8, 9 and 10 are estimated from GC and are
accurate to + 5%. 200 mg of ester was rearranged in each of the above reactions and the
catalysts and temperature are as stated. An oil bath was used for the heat source and

temperature was maintained + 5°C.

The other four compounds in this ‘group (225-228) were the products of attempted
rearrangement of the corresponding sulfamates and only minute amounts, < 0.1%,
identifiable by GC-MS, were formed. Of course this one physical property is not
sufficient to characterise these compounds beyond doubt. Gas chromatography coupled

to mass spectrometry was by far the premjer qualitative technique.
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wn

(%  Ac, H\/SOzN(CH:,)Z /\

NS e wmn NP k‘/

SO,N(CH,),
(195) (229) (230)
OSO,N(CH,), ‘ OH
AlCI, SO;N(CH;),
—_————
140°C / 30 min
R R
R = F(196), CI(197), Br(198), R = F(231), CK232), Br(233),
[{198), Me(200), Et(201). K(234), Me(235), Et(236).
OSO,N(CH,), OH
R R AlCl, R R
———— -
140°C / 30 min
SO,N(CH,),
(204) ' (236)
Scheme 71

The rearrangement of the phenyl N, N—dlmethylsulfamates to the phenyl N, N
dlmethylsulfonamxdes (scheme 71) is the first series to have been studied and they are
also the compounds most used in the mechanistic studies which were carried out. The
_parent compound in this series‘(195) phenyl N N-dimethylsulfamate was taken as the
model and rearranges to the ortho- and para- products (229 and 230) in various ratios

and quantities according to the temperature and time of the reaction.
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carried out at the various temperatures, which were maintained in an oil bath (x 5°C) to

give the results in tables 11 and 12. Quantitativé analysis of these results was carried out

by HPLC.

..Using 0.5 ¢ of ester.and.a.1.:.1.2.molar.

afin Nt A
H ATV 2 bk W A

o 12
(8] LA TaA i ¥ & )

L thercairangemenis were ™=

Ortho / para ratio obtained in the rearrangement of

Temp.(°C)

90
100
110
120
130
140

o The quantity of the ortho- and para- rearranged products of phenyl NN-

dimethylsulfamate is also temperature and time dependant. The reaction conditions are as

2.7
1.2
1.2
0.6

05 .

0.5

Table 11

ortho / para

Time (min)

-15
1.1
0.8
0.6
0.5
0.5

1 0.9

OOy
noLahhwe

above and the results are in table 12.

- 112 -

phenyl N,N-dimethylsulfamate (195)

30
1.3
0.9
0.7
04
0.5
0.5

60
0.7
0.7
0.6
0.5
0.5
0.5



fern mdlen.d . SURRER -

Total yield.of 2-.and 4-hvdroxy. N N-dimaen yisullonaimides (229 2nd' 230)

at various temperatures and times.

A
Table 12
Time (min)
_ . 5 10 15 30 60 120
Temp (°C) '
60 1.9 3.1 3.8
70 25 3.1 10.9 21.5
80 3.6 52 118 259 33.3
80 27 9.0 17.6 132 357 63.6
100 19.9 367 35.0 482 579 93.4 .
110 280 505 61.3 641 676
120 53.8 617 66.7 684 663
130 636 76.1 67.4 74.5
140 67.5 819 88.4 67.3
150 79.0 804 89.2

These experiments on yield and product ratio were quantified by HPLC using an internal
standard method, the internal standard used was ethyl 4-aminobenzoate. At this stage
both the sulfamate and the two- sulfonamides had been purified and characterised so
together with phenol and fhe internal standard a method of quantitation was poss.'ible‘ A
C18 column was used with 49.5% H,0 / 49.5% MeOH / 1% Acetic Acid (buffer)as .
mobile phase. These conditions gave good separations and reproducible resuits (RSD =

7.2% - 9.1%). Standards and samples were run three times each. _

The reported mp temperature of 2-hydroxyphenyl N,N-dimethylsulfonamide (229) was

67-70°C 7 5o this sulfonamide was synthesised by an alternative route (scheme 72)
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. . ‘ it 2 TR T I W CPiie. o 7T dulryeserwrivit R
which_gave.an.identical.m n..(912€.—.029G) and -mass=spoctrum-to the “coim powid=rom

the original rearrangement. The method is that described in the experimental section.

SOl SO,NMe, SO,NNe,
NO, ‘ NO, : NH,
: Sn
% HNMe, — —_— —=
10 M HCI
. Aqueous )
(253) (254) (255)
SO,NMe,
' OH
6 M H,SO,
—_——
NaNQ,
(229)
Scheme 72

The properties of the other‘rearranged products in this series (230-237) matched, where
applicable, published values so no alternative synthesis was required. 2-Hydroxy-5-
iodophenyl N, N-dimethylsulfonamide (234) gave a very small yield and again it must be

assumed this is on account of steric hindrance.
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Compound

2- I<a8x<u:m:<_ N,N-
a_:‘_m:d__mc_ﬁo:n_sam

4- I<on<usm:< N,N-
a_3m5<_mc=o:a_3_am

i
u-m_:o_,o.m

:<a3§ phenyl'N, N-
a_3m5<_mc_8:n_3_am

M
3- 029.0 6-

:<&oxxv:m:<_ N,N-
dimethy/sulfonamide

M _

3- mqo_.:o-m

:<a8x<usm=<_ N,N-
Q_Bmﬁ:u‘_m:_d.o:m_:am

Appearance

White
crystals

White
Crystals

White
Crystals

White
Crystals

Pale Brown
Crystals

Properties of phenyl ?2.&:.&55:.?:»558 1)

MP / BP

91°C-92°C
97°C - 98°C

74.4°C-74.9°C

62°C-63°C

71.5°C-72.5°C

Table 13
Yield Formulae Requires Found Mass Spectrum (El)
88% 2 CaH-NOSS C,47.76; C,47.70; 201 (M*,19.7), 65 (100
Isomers 8IS H,5.47; N,6.96 H,5.37; N,6.92 base peak)
88% 2 CaHNOSS C,47.76; C,47.68; 201 (M*,15.0), 93 (100
Isomers FIMTSY H,547:N6.96 H526;N691 base peak)
C,43.93; C,43.86; 219 (M, 14.9), 44
o,
9% - CoHNOSE ) 460 N639 H472,N67 (100 base peak)
C,40.76; C,40.65; 235 (M', 34.1), 63

0,
89%  CehoNOSSCI ) 425 N5.94 H413;N572 (100 base peak)

281 (M*, 7.5), 63 (100

C,34.29; C,34.28;
base peak)

72%  CgH1oNO,SBr H,3.57;N,5.00 H,3.48;N4.90
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Coin pound

L

2- _._qué-m _oa0ﬁ:m3<_
Z N-
dimethyl mc_EBmSEm
2- Immaﬂoxu\-m-
3m5<__u:ms<_2 .N-
a_3m5<_ac=o:m3_am
3-Ethyl-6- :E_.oxso:m:s
2 N-
a_3m5<_ E:o:m:._am
F .
2.4- O_mn:_o_,o- 3-
:qux,\_c:msﬁ 2 N-
a_3m5<_mc_3:m3_am

i
1

Appearance

White
Crystals

Pale Yellow
Liquid

White
Crystals

Properties of phenyl N,N-dimethylsulfonamides (2)

Table 14
MP / BP Yield Formutae Requires Found Mass Spectrum (El)
327 (M" 34 8), 63
(100 base peak)
o~ oo C,50.23; . C5030; 215 (M*28.6), 77 (100
57°C-58°C 49%  CohaNOSS 4 5700 N.6.51 H,6.06: N.6.47 base peak)
110°C-112°C @ . C,52.38; C,52.56; 229 (M*, 29.5), 77
9X10™" mm Hg. 8% CothsNOS 6o NBAT HB.66 N5O2 (100 bace peak)
158°C.156°C. 76%  CoHigNOSSCl, .. Ci35.55: C,35.94: 269 (M", 46.7), 62

H.3.33;N,518 H,22.72;N,486 (100 base peak)
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| Osoza\ucmc:-la;)2

o) N(CH CHa)z
140°C / 30 min

SO,N(CH,CH,),

(211) : , (238) (239)
OSO,N(CH,CH,), ‘ OH .
ACl, SO,N(CH,CH,),
—_—
140°C / 30 min
R R
R = F(212), CI(213), Br(214) R = F(240), Ci{241), Br(242),
& I(215). _ & i(243).
OSO,N(CH,CH,),
\©/ 140°C / 30 min \©/
~ SO,N(CH,CH,),
(216) o (244)
Scheme 73

In this series, the N, N-diethylsulfonamides there are seven rearranged products from six

esters (scheme 73) in which only one is recorded as having been synthesised previously

4-hydroxyphenyl MN—diethylsulfonamide.
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.. This parazhydroxy.compound.£230)..m .94 5- 95:5°C (7 mp- 62 709G i
49-50°C) was synthesised by an alternative method which gave m.p. (94.5°C — 95.5°C)

and mass spectrum exactly as reported for the original rearranged product above. The

method was that described in the experimental section and shown in scheme 74,

so,cl ~ SO,NEt, SO,NE,
Sn
+ HNEt, — —_—
10 M HCI
-NO, NO, NH,
(256) (257 (258)
6 M H,50,
————
NaNO,
OH
(239)
Scheme 74

Some of these sulfonamides were also used in the mechanistic crossover studies which
will be described later. Again, the iodo compound (243) had very small yields. No large
scale studies on ortho- / para- ratios and combined yields were carried out on products

(238 and 239) as was done in the above section.
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Compound

N.IEB%SU_._m:s__% N N-
diethylsutfonamide

A-IEBVW%:m:& N,N-
diethylsulfonamide

j o
m-_u_M:oB.m-m
hydroxy{pheny! .._<.2.
EmSSw,Mz__“o:m:.Em

] :
, w-Omm:oqo-m-M
hydroxyphenyl N N-

diethylsiiifonamide

[
j

- S 3

Appearance

Clear Liquid

White
Crystais

Pale Yellow
Liquid

White Solid

\

Properties of phenyl N,N-diethylsulfonamides 1)

Table 15
MP /BP Yield Formulae Reguires Found Mass Spectrum (El)
136°C-13°C@  86%2 . . oo C,52.40; C,52.04; 229 (M*,1.5), 58 (100
1mm Hag. Isomers 1IENEES H6.55;N,6.11 H,6.06: N.5.78 base peak)
o ] 86%2 C,47.76; © C,52.34; 229 (M*,1.6), 58 (100
9.5C-955C | oomers CroHisNOsS 5700 N,6.96 H,6.37; N,6.01 base peak)
99°C-101°C @ 1mm o ) C,48.57; C.,48.38; 247 (M*, 13.9), 83
Hg. 0% CoHuNOSF |y 51N 566 H576:N677 (100 base peak)
o C4554;, CA4557: 263 (M*, 14.3), 72
o _ 0, '
29°C-31°C O7%  CooMhNOSCl 11 s31/N.531 H530,N533 (100 base pank)
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K]

Qvanocl_a

3-3romo-6-

3<n8v“.”<v3m:<”_ N,N-
diethylsulfonamide

|

2-+lydroxy-5-

t
i

iodophenyl N, N-
&m&x,_mc:o:maam

!

2,4-Dichiora-3-
hydroxypheny! N,N-

dimethi/isuifon

3

e

amide

Appearance
Pale Yellow

Liquid

White
Crystals

Properties of phenyl 22.&&5.2.:.::»?58 2)

Table 16

MP / BP Yield Formulae Requires

139°C-142C@  ggor o HNOSBr . C:3B.96;

8X10™" mm Hg. H.4.55: N.4.55
20.1%
200°C-203°C 69% C1oH1sNO5SCh C,40.27;

'H,4.38; N,4.70
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Found

C,39.36;
H,4.60;
N,4.56

C,40.13;
H,4.03;
N,4.68

Mass Spectrum (El)

309 (M, 10.1), 72
(100 base peak)

355 (M" 26.4), 63
(100 base peak)

297 (M*, 8.7), 225
(100 base peak)



The ﬁnal ETOUD Of qulfamatﬂ (QChE‘mP 7q\ Whlr‘h anvere rpnrrqnnnrlanre ;h\« dl-u—ylupyla —

(217—220 and 223) for some reason (221 and 222) did not rearrange very well and no
extra time was spent trying to find out why. Only one of these compounds had been
synthesised previously, the ortho-hydroxypheny!l N, N-di-n-propylsulfomamide But as th'e
‘'m.p. matched the pub-lished valuc;: alternative synthesis was not required. Yields were
lower in this series compared to the previous two series, dimethyl and diethyl, which may

be because of the bulkier group of atoms rearranging.

OSO ,N(n-Pr),
AICI3 SO N(n-Pr)2

140°C /30 min

SO,N(n-Pr),
(217) (245) : (246)
AiCI, SO,N(n-Pr),
140°C / 30 min
R R
R = F(218), CI(219) & Br(220) R = F(247), CI(248) & Br(249),
OSO,N(n-Pr),
AlCl,
140°C 1 30 min min
‘ SO,N(n- Pr)2
(223) (250)
Scheme 75
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Oo“_onCz._u

BT U

2-Hydroxyphenyl N, N-di-
:-naném::o:mmaam

T

1
4-Hydroxypheny N,N-di-
:,nqouu\__m::o:m‘aam
I
3-Fjuoro-8-
hydroxyplenyl N,N-di-n-
propylsulfonamide

Appearance

Pale Yellow
Liquid

White
Crystals

Clear Yellow
Liquid

Properties of phenyl N,N-di-n-propylsulfonamides 1

MP / BP

122°C-124°C @ 1
mm Hg.

97°C —98°C

127°C-129°C @
6X10" mm Hg.

Table 17
Yield Formulae
77% 2
Isomers C12H1sNO3S
7% 2 - :
Isomers C12HiNO,S
52% CeHoNO;SF
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Requires * Found

C,56.03; C,55.19;
H,7.39;N,5.45 H,7.14; N,5.22

C,56.03; C,55.18;
H,7.39; N,5.45 H,7.20; N,5.33

Mass Spectrum (El)

257 (M*,3.7), 72 (100
base peak)

257 (M+, 0.5), 72 (100
base peak)

275 (M*, 8.8), 72 (100
base peak)



Compound

w-&:_o_,o-m.,.

- hydroxyptienyl N, N-di-n- |

propylsulfonamide

w-m“__.ozgo.m.m.

_.En:oév:_m:ﬁ N, N-di-n-
propyisulfonamide

'2,4-Dichloro-3-
hydroxyphenyl N, N-di-n-
propyls.lfonamide

Appearance

Pale Yellow
Liquid

Pale Yellow
Liquid

White
Crystals

Properties of phenyl N,N-di-n-propylsulfonamides 2)

MP/BP

128°C-140°C @
7X10" mm Hg.

155°C-158°C @ 1.2
mm Hg.

131.5°C-135°C

Yield

36%

44%

44%

Table 18
Formulae Requires Found Mass Spectrum (El)

: C,49.40; C,49.55; 291 (M*, 0.9), 72 (100

CiathaNOSCl  y £17'N a8 H,5.62 N.4.37 base peak)
C,42.85; C,42.43; -335 (M*, 0.6), 72 (100

CrathaNOSSBr 4 536 N417 H,5.96. N.4.09 base peak)

! C.44.34; P

C,44.17; . © 327 (M*,N/A), 72 (100

CrthNOsSCh 1 554 N4 29 N2 18, base peak)
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INTRODUCTION
Early Conceptions '

The outcome of the Fries rearrangement is the formation of o-hydroxy and p-hydroxy
ketones, in most cases both been formed simultaneously. In very exceptional instances
m-hydroxy ketones can result when the influence exerted by the substituent of the

phenolic part directs the reaction along this path *©@.

From the earliest publication the reaction mechanism was always questfonable, whether
. the Fries rearrangement is a inter- or a intramolecular process. Skraup and Poller”®, and
later Cox ™, assumed the reaction to involve an intermolecular pathway in the course of

~ which an acyl chloride is formed from the ester as an intermediate (pathway A scheme

76).

Rosenmund and Schnurr™ were also of the opinion that an intermolecular rearrangement
occurs, insofar as one molecule of the ester is acyléted by a second one (pa‘_chwaf B
schemg 76).- They were the first to report the effect of temperature on the Fries
rearrangement stating that at 25°C oﬁly the p-hydroxyketone (60%) was formed and at

175°C the ortho- isomer (95%) was the sole product.
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Uon + Acy, —= )0 "acy, + Rol

(A) (259)

@OR + RCI — RO @—R + Hcl
(260)
(B) . =
RO@R + OO_ *aict, + Hi

R@OH + Alci,

2
(131)

' Scheme 76

In-order to verify this supposition a number of experiments were carried out wherein
mixtures of two different phenolic esters were made to react with AICls. The compounds
resulting from such a_reaction would constitute a proof for the intermolecularity of the
process, were it not f-or the fact that transesterification or acyl interchange may also take
place, as shown by expérimental evidence publishied- by von Auwers aﬁd Mauss ®' _(“)

(scheme 77). However, crossover experiments such as these support multiple mechanistic

pathways.

Other early exponents of the intermolecular pathway were Fries ' © himself, Schronberg

_ and Mustafa * ® and Ogata er o/ ©.

- 125 -




I =T RS NP R e S WS L

L i e R s o s
vvsl ls""’" Ubub“s

CH, CH,
(261) (262)
OH OH ' -OH . OH
COCgH, COCH, ¢l COCH, . Ci COCH,
+ + + '
CH, CH, CH, CH,
(263) (264) (265) {266)
Scheme 77

von Au\'zvers considered the intramolecular rearrangement to be proved by the fact that a
Fries reaction does not lead to the same products as those formed in a Friedel-Crafts
reaction carried out under the same conditions °’ (b).,These experiments, however, cannot
be accepted as decisive since all the initial substances were not the same in the two
Areactions. Lal et al ®®, Sen and Tiwari ® and Baltzly et al ¥ were early proponants of

the intramolecular pathway (scheme 78).

It can be stated that these early researchers knew the course of the rearrangement to be ,.
influenced by a number of factors, the roles of which are difficult to evaluate in terms of -

reaction mechanisms and the substantial number of compounds or coordination
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coonmmnlavan. a
ALK

compiexes-and=ions-which-are~formed-eiifier Simuitineoisiy ot consecutively 1 the

course of the reaction.

OR
o (259)
Very Fast +
' AICL
- + _
ACl, O R 0--AlC,
R+
-
TN L
+ 0--Alcl, 0--AlCl,
AlCt, R
H
Fast R H l
0--AlCl, O-AC, = O-ACl
@V R
R
(267) - (268)
4 _ . . +
RCI. AICI, HCI : HCI
Scheme 78
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"'“D"“'"aﬂ-’.‘-i“‘@‘&@"‘SLath“EﬁlphuuU‘a}iy”Lh‘cu the“mechanism™of {he rearrangement was both
inter- and an intramolecular ie. a bimolecular reaction. In this he was supported by
Klamann * among others. Even still to the present time there is indecision as to the exact

mechanism of the Fries rearrangement, many aspects of the reaction may have an effect

on the result e.g. the substrate ester or the reaction conditions of solvent or catalyst.

Sharghi and Eshghi * clai@ that an acylation reaction of m-cresol with 2-chlorobenzoic
acid in polyphosphoric acid (PPA) occurred thmugli a prior esterification followed by a
Fries rearrangement to give benzophenones. As it is seen in scheme 79 they suggest the
following possibilities:

1, The compound (272) can be obtained from the intramolecular rearrangement of ester
(271) and also by the rearrangen‘lent. of compound (273) (Gores’s reversibility concept *
&by

2; The compound (273) can be obtained can be obtained from the intermolecular
rearrangement of ester (271) and also by the transesterification éf ciompound (274).

.3; The.compound (274) can be obtained from the esterification of compound (273{-) and
also by the bimqlecular rearrangement of ester (271).

4; The compound (275) can be obtained from the electrophilic aromatic substitution of ‘
compounds (272) and (273) and also from the rearrangement of compound (274).

In a separate experiment, when compound' (273) was added to PPA and stirred for 24
hours at 70°C, the compounds (272) and (274) were formed in the ratio of 4 : 1
respectively. These results -show that the conversion of compound (273) to compound |

(272) occurred with decomposition of compound (273) to m-cresol (270) and
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. concept). When compound (272) was freated with PPA at 130°C for 6 hours, the -

compound (275) was formed in 14% yield.
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ag".e e: al~in-a‘recentpublicationhave “CIMpioyed-a very -noveimethod-io-study-the

_ mechanistic pathways of the Fries rearangement of aryl formats promoted by boron
trichloride. They obtained !'B NMR spectra during the course of thé reaction and
attempted to understand the ''B spectra of reaction intermediates through the comparison

. with chemical shifts calculated by density functional theory (DFT).

Esters [RC(O)OR’] possess two sites capable of acting as a Lewis base, i.e. the oxygen of
the alcolol residue (-OR’) and the acyl oxygen, RC(O). Thefefore, in principle BCl; may
bind to the formate ester in each of the following ways, O-aryl or O-acyl compiexation.

These are the possible complexation modes of phenyl formate with BCl; (Scheme 80).
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aryl complexation, which, although at times less favourable cnérgy_ wise than the O-acyl
protonation, leads essentially to C—O fission and to a loose complex between solvent

and the acelium cation (schemé g1).

" Sharghi and Shahsavari-Fard *° whose publication was mentioned -earlier, -have
demonstrated that the readily available and inexpensive reagent graphite /
methanesulfonic acid (GMA) is very effective for the direct sulfonylation of pheno} and -
naphthol derivatives with p-toluenesulfonic acid and for the thia-Fries rearrangement of
aryl sulfonates. They also state that the formation of sulfonylphenols by the thia-Fries

>
rearrangement of the aryl sulfonate occurs via an intermolecular mechanism.

The relative reactivity of the aromatic substrates in the GMA sulfonylation is consistent
with a mechanism involving attack at the aromatic ring by a weak electrophilic reagent
that requires an electron-rich ring. Appearently, the sulfonylium cation MeCgH,SO," is
involved, which is very similar to the occurrence of the acyl cation ArCO" in the

mechanism proposed for the formation of aromatic ketones in PPA !,

The sulfonylation of 4-clﬂor0phenol with p—toiuenesulfonic acid in the 'présenée of GMA
was mdnitored by 'H-NMR srectroscory under different reaction conditions. The results
clearly éstablished'that, in all cases, first the aryl sulfonate was formed, which the—n
decomposed to give the final product, sulfonylphmol. The rate of formation increased

with increased temperature.
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. The following mechanism of the sulfonylation reaction is suggested; the phenol is first
converted to the arylsulfonate by reaction with p-toluenesulfonic acid. The arylsulfonate
subsequently undergoes rai)id intermolecular decomposition in the presence of GMA
(thia-Fries rearrangement) to produce the sulfonylium cation MeCgH;SO,™ and the

phenol, which combine to form-the sulfonylphenol (scheme 82).
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Studies in catalysis and catalytic ratios were carried out on the target ester, phenyl N,N-
dimethylsulfamate (195) using a number of catalysts. As this sulfamate is a liquid, this
means the mixture with AICl; gives a homogeneous reaction. Some data on A1C13 at a
catalytic ratio of 1-: 1.2 is shown in a previous section ‘tablesj 11 and 12. Here these

experiments will be continued.

Using 200-250 mg of ester and an initial molar ratio of ester to AICl; of 1 : 0.5 the
rearrangements were carried out at various temperatures which were maintained in an oil
bath (+ 5°C) to give the results which are tabulated later: Also 1 :1,1:1.5,1:2and 1 :

2.5 molar ratios were studied.

These experiments oﬁ yield and product ratio were quantified by GC-FID using the
method of internal standard, the internal standards used were n-tetradecane (0.21
mmolar) and n-octadecane (0.87° mmolar). Phenol (1.14 mmolar), phenyl. N,N-
dimethylsulfeimate (1.08 mmolar), 2-hydroxyphenyl N,N-dimethylsulfonamide (0.55
mmolar) and 4—hydroxyphenyl MN—dimethylsulfonamide (1.81 mmolar) These were pure
samples of the sulfamate and the two slulfonamides which had préviously been purified
and characterised. Standards and samples were I'UI_1- three times and standards were re-
analysed after every five sets of samples. Phenol and un-rearranged ester were not

recorded for these rearrangements.
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e TRty TOUT TeATTAngements of the sultamate ester ﬁﬁéﬁylﬁﬁfﬂaﬁgﬁﬁﬁﬁtﬁfﬁﬁi?( 1955
_.in.a1:0.5 molar raﬁo with the catalyst AICl; were carried out. Four éxperiments_ at 15, . .
30, 60 and 120 min for each of the temperatures 100°C, 110°C, 120°C, 130°C, 140°C-and
150°C were carried out in the> oil bath which was maintained at the stated temperature + |
5°C. All of these twenty four samples were in the range of 200 to 250 mg of ester; 1 to
1.25 mmol, whir;h was mixed thoroughly with the 0.5 to 0.625 mmol of the catalyst.
Each sample was quenched with 5 ml of 1 molar HC! at the set time and then when it had
cooled, made up to 100 m! with CH,Cl,. Analysis was by GC-FID using the standards
described in the above paragraph. The results of this set of twenty four rearrangements
were analysed and -tabulatéd to give the ortho / para ratios and the total of the ester

rearranged (tables 19 and 20).

Seventeen rearrangements of the sulfamate ester phenyl MN—dimefhylsulfamate (195) in
a 1 : 1 molar ratio with the catalyst AICl; were carried out. Four experiments at 15, 30,
60 and 120 min for the temperatures 100°C. Three experiments each at 15, 30 and 60 min
for the temperatures 110°C, 120°C, 130°C and 140°C. One rearrangement at 150°C for 30
min with them all being carried out in the oil bath \;vhich was maintainea at the stated
temperature + 5°C. All of these seventeen samples were in the range of 200 to 250 mg of
ester, 1 to 1.25 @mmol, which was mixed thoroughly with the 1 to 1.25 mmol of the
catalyst. Each sample was quenched with 5 ml of 1 molar HCI at the set fime and then
when it had cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID using the
standards described in tﬁe above paragraph. The results of this set of seventeen

rearrangements were analysed and tabulated to give the ortho / para ratios and the total

of the ester rearranged (tables 21 and 22).
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~ Eiphtéen rearrangements of the ‘Sﬁi’ltéiiiaté ester phenyl N:W#"'Eiun“"ét@l's;ﬁffﬁ"ﬁﬁi?(‘f9Sfﬁaug'“mﬂ'
- 17 1.5 molar ratio with the catalyst AICI; were carried out. 'Ijhree experiments each at 15,

30 and 60 min for the terﬁperatures 100°é, 110°C, 120°C, 130°C, 140°C and 150°C All

the experiments were carried out in the oil bath which was maintained at the stated
temperature + 5°C. All of these eighteen samples were in the ;aﬁge of 200 to 250 mg of
ester,‘ 1 to 1.25 mmol, which was miged-thoroughly with the 1.5 to 1.875 mmol-of fhe
catalyst. Each sample was quenched with 5 ml of 1 molar HCI at the set time and then
when it had cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID using the
standards described in the above paragraph. The results of this set of eighteen

rearrangements were analysed and tabulated to give the ortho / para tatios and the total

of the ester rearranged (tables 23 and 24).

Fourteen rearrangements ‘of the sulfamate esfer phenyl N, N-dimethylsulfamate (195) in a -
1 : 2 molar ratio with the catalyst ‘A1C13 were carried out. Three experiments each at 15,
30 and 60 min for the temperatures 100°C, 110°C, 120°C and 130°C and at 15 min for
140°C and 150°C. All the experiments were carried out in the oil bath which was
maintained at the stated temperature + 5°C. All of these fourteen samples were in the
range of 206 to 250 mg of ester, 1 to 1.25 mmol, which was mixed thoroug;rhly with the 2
to 2.5 mmol of the catalyst. Each sample was quenched with 5 1.nliof 1 molar HCI at the
set time and then when it had‘ cooled, made up to 100 ml with CH,Cl;. Analysis was by '
GC-FID using the standards described in the above paragraph. The results of this set of
fourteen rearrangements were analysed and tabulated to giye the ortho / pafa ratios and

the total of the ester rearranged (tables 25 and 26).
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: 2.5 molar ratio with the catalyst AICl; were carried out. Two experiments each at 30
_ and 60 min for the temperatures 80°C and 100°C, at 15 and 30 min for 120°C, at 60 min
for 130°C and at 15, 30 and 60 min for 140°C. Finally there was one at 15 min for 150°C.
All the experiments were carried out in the Qii bath which was maintained at the stated
temperature + 5°C. All of these eleven: salﬁples were in the range of-200 to 250 ﬁlg of-
ester, 1 to 1..25 mmol, which was mixed thorougﬁly with the 2.5 to 3.125 mmol of the
-catalyst. Each sample was quenched with 5 mt of 1 molar HC! at the set time and then
when it had cooled, made up to 100 mi with CH,Cl,. Analysis was by GC-FID using the
standards described in the above paragraph. The results of this set of elev.en ,
rearrangements were anaiysed and tabulated to give the ortho / para ratios and the total

of the ester rearranged (tables 27 and 28).

A number of investigations, twenty six in total, with different catalysts were carried out.
Phenyl N, N-dimethylsulfamate was heated with a 1 : 1 molar ratio of various catalysts to
140°C + 5°C for 30 mins in an_ oil bath. Some reactions were also carried out using
nitrobenzene and chlorobenzene as solvents. There were four rearrangements with TiCly,
four with FeCl;, two with ZnCl,, two with CuCl,, two with SnCl, and one with NiCl,.
Titanium tetrachloride and ferric chloride were the only catalysts to have any success.
There were three reactions with 1molar AICl; in nitrobenzene, two with 1 molar FeCl; in
nitfobenzene, two with 1 molar AICl; in chlorobenzene and two with 1 molar FeCl; in
chlorobenzene, ail of which gave very little rearrangement. Finally there were two

attempts to rearrange the ester on it’s own without any catalyst at 140°C for 30 min
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~“WithOUt SICCESS” Each Sample Was quenched with 5 ml of 1 molar LT at the set ime and

then when it had. cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID usin

ng -
the standards described in the above paragraph. The results of this set of twenty six
rearrangements were analysed and tabulated to give the ortho / para ratios and the total

of the ester rearranged (tablés 29 and 30).

There were a further number of experiments carried out using FeCl; as the Lewis acid‘
catalyst. This catalyst was used because it gave quite good results for thia-Fries
rearrangements in the previous set of experiments. Five reactions of the sulfamate ester
phenyl N, N-dimethylsulfamate (195) in a 1 : 2.5 molar ratio with the catalyst were
carried out. Two experiments each at 30 and 60 min for 'the temperatures 80°C and
100°C, and at 15 min for 140°C. All the experiments were carried out in the oil bath
which was maintained at the stated temperature + 5°C. All of these eleven samples were
in the range of 200 to 250 mg of ester, 1 to 1.25 mmol, which was mixed thoroughly with
the 2.5 to 3.125 mmol of the catalyst. Each sample was quénched with 5 ml of 1 molar
HCI at-the set time and then when i_t had cooled, made up to 100 ml with CHZCI;.
Analysis was by GC-FID using the staidards described in the above paragraph. The
results of this set of eleven rearrangements were ana]ysed' and tabulated to give the ortho

/ para ratios and the total of the ester rearranged (tables 31 and 32).

Some further rearrangements were carried out later to check on reproducibility of the
reaction. These again involved the ester, phenyl N N-dimethylsulfamate with AICl; and

FeCl; as catalysts in a 1 : 1 molar ratio at 140°C. All the experiments were carried out in
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““the 011" batil WhiCh was maintaified at the stated temperature + > C. |Wo reactions tor

each of the catalysts were carried out at 30 min and at 60 min, a total of eight.
rearrangements. Each sample was quenched with 5 ml of 1 molar HCI at the set time and
then when it had cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID using
the standards described in th§ above paragraph. All of the reactions showed small
quantities of phenol < 1% and there- was very little of the ester which was not
rearranged. The results of this set of eight rearrangeinents were analysed and tabulated tb

give the ortho / pard ratios and the total of the ester rearranged (table 33).
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“710 determine the molecularity of the thia-Fri€s rearrangement a number Of Crossover
_experiments were carried out. According to the literature this is the method of choice to

ascertain whether the reaction is inter-, intra-, or bimolecular.

For the first set of crossover experiments, phenyl ]\/,N-dimethylsulfﬁmate (195) with 4-
chlorophenol (251) and 4-chlorophenyl N,N-dimetﬁy]sulfamate (197) with phenol (141),
a single set of sﬁndards covered the analysis of both reactions. The standards were
phenol, 4-chlorophenol, phenyl N N-dimethylsulfamate, 2-hydroxyphenyl N,N-
dimethylsulfonamide (229), 4-hydroxyphenyl N N-dimethylsulfonamide (230), 4-
chlorophenyl N, N-dimethylsulfamate  and  3-chloro-6-hydroxyphenyl ~ N,N-
dimethylsulfonamide (232). No internal standard was included with these standards so
consequéntly the results are shown as molar ratios to e;ach other. Stability tests were
carried out on the three sulfonamides involved. They were heated in a 1 : 1.1 molar ratio
with AICl; at 140°C for 90 min. In analysis by GC-MS nor further rearrangement,

reversal to suifamate or breakdown was observed.

200 mg of phenyl N,N—dhhethylsulfamate was heated with an equivalent of 4-
chlorophenol and 2.2 equivalents of the catalyst AICl; to 140°C for 90 min. The sample
was quenched with 5 ml of 1 molar HCI at the set time and then when it had cooled,
made-up to 100 ml with CH;Cl,. Analysis was by GC-FID using the standards described
in the above and the results as 2 ratio to each other. (141) 1 : (251) 4. 1(232)1:(230) 4.5

:(237) 1. They are tabulated later.
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200" mg “of “4-chiorophenyl™ N, N-dimethylsulfamate was heated with an “equivalent of
. phenol and 2.2 equivalents of the catalyst AlCL to 140°C for 90 min. The sample wafsl
quenched with 5 ml of 1 molar HCI at the set time and then when it had cooled, made up
to 100 ml with CH,Cl,. Analysis was by GC-FID using the standards described in the
qb'ov.e and the results as a ratio to each other. (141) 12 : (251) 12 : (195) 1 (229) 3 : (230)

46 :(197) 1.5.: (237) 2. They are tabulated later:

The second set of crossover experiments has 4-methylphenyl N,N-dimethylsulfamate
(200) with 4-chlorophenol (251) and 4-chloropheny! N,Nﬂimethylsulfamate (197) with
4-methylphenol (283), a single set of standards covered the analysis of both reactions.
The standards were 4-methylphenol, 4-chlorophenol, 4-methylphenyl N, N-
dimethylsulfamate, 2-hy¢oxy-5-ﬁethylpheny1 N,N-dimethylsulfonamide (235) 4-
chlorophenyl N N-dimethylsulfamate  and 3-chloro-6-hydroxyphenyl ~ N,N-
dimethylsulfonamide (232). No internal standard was included with these s'tandards $O
consequently the results are shown as molar ratios to each other. Stability tests we'r'6
carried out on the two sulfonamides involved: Théy were heated in-a 1 : 1.1 molar ratio
with AICL; at 140°C for 90 min. In analysis by GC-MS nor further rearrangement,

reversal to sulfamate or breakdown was obseryed.

200 mg of 4-methylphenyl N,N-dimethylsulfamate wés heated with an equivalent of 4-
chlorophenol and 2.2 equivalents of the catalyst AlCl; to 140°C for 90 min. The sample
was quenched with 5 ml of 1 molar HCI at the set time and then when it had cooled,

made up to 100 m! with CH,Clo. Analysis was by GC-FID using the standards described

.141-
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RBOVE e TesUIts a5 A Tatio 10 each other. (283) 4 T (251) 14 7(200) 025 T (235) 12 :

(197)0.5.: (232) 5.5. They are tabulated later.

200 mg of 4-chlorophenyl N,N-dimethylsulfamate was heated with an- equivalent of 4
methylphenol and 2.2 equivalents of the catalyst ACl; to 140°C for 90 min. The sample
was quenched with Smiofl molar HCI at the set time and then when it had cooled,
made up to 100 ml with CH,Cl,. Analysis was by~ GC-FID using the standards described
in the above and the results as a ratio to each other. (141) 11 : (251) 17 (200) 1 : (235)

14 : (197) 2 : (232) 6. They are tabulated later.

Two compounds were used in a number of crossover experimen‘;s, 4-bromophenyl N,N-
dimethyisulfamate (198) and 4-chiorophenyl N, N-diethylsulfamate (213). These
experiments were carﬁed out over a range of ;[emperatures and for various times. Tests
were carried out on the two above esters and also on 4-bromophenyl N.AN-
diethylsulfamate (214) and 4-chlorophenyl N, N-di-n-propylsulfamate (219) to estimate
their reaction -speeds ie. the rate of rearrangerﬁent from ester to sulfonamide, over set
times and at certain temperatures. These reactions were homogeneous bécause all of the
above esters are liquid at room temperature. The initial two compounds above were

found to have rates of rearrangement quite close to each other at 140°C.

Twelve samples of 100 mg each of 4-bromophen}‘;1 N, N-dimethylsulfamate (198) and 4-
chlorophenyl N,N-diethylsulfamate (213) were heated seperately with AlCl; ina 1: 1.1

molar ratio at 140°C for varying lengths of time from 0.25 min to 30 min. These twenty
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"~ fouT Téactions were quenched with 3 ml 1 Tolar HCI and The mixfure was made up to

100 m] with CH,Cl,. Analysis was by GC-FID. against the. set. of standards be

Analysis of the results confirmed these two sulfamates to be the most suitable for the

low, .

crossover investigations.

| A set of standards which includes the following, along with n-tetradecane, n-heptédecane
and n-octadecane were made up. The alkanes were included as internal standards and all
the concentrations were in the 0.2 mmolar region. 4-Chlorophenol (251), 4-bromophenol
(284), 4-chlorophenyl N,N-dimethylsﬁlfamate (195), 3-chloro-6-hydroxyphenyl N,N-
dimethylsulfamate (232), 4-bromopheny.l N,N-dimethylsulfamate (198), 3-bromophényl
N, N-dimethylsulfonamide (233), 4-chlorophenyl N, N-diethylsulfamate (213), 3-chloro-6-
hydroxyphenyl N, N-diethylsulfonamide (241), 4-bromophenyl N,N-diethylsulfamate
(214) and 3-bromophenyl-6-hydroxyphenyl N,N-diethylsulfonamide (242) made up the

remainder of the standards.

~ Six samples of 1 mmol each of 4-bromophenyl N,N-dimethylsulfamate (198) and 4-
‘chlorophenyl MN—diethylsulfalﬁate (213) were heated with AICl; ina 1: 1 : 2.2 molar
ratio at 140°C for 5, 10, 15, 20, 25 and 30 min. Each sample was quenched with Smlof 1
molar HCI at the set time and then when it had cocled, made up 'to 100 ml with CH,Cl,.
Analysis was by GC-FID using the standards described in the above paragraph. The |
results show transesterification as there were the two non starting esters (197) and (214)

and some of their rearranged products. All of the results are tabulated later. _
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~ Fifther Crossover EXpeTimenits were carried out with the same two starting esters (198)"
and (213) with AICl; and at the same_mola.r ratios of 1 . 1 : 2..2. There were eight
different reactions in this set, 1, 2, 5, 10, 15, 20, 25, and 30 minuets in duration and all at
80°C. Each sample was quenched with 5 ml of 1 molar HCI at the set time and then when
it had cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID using the
- standards described in the above paragraph: The results show transesteriﬂ_cation as there
were the two non starting esters (197) and (214) and some of their rearranged products.

All of the results are tabulated later.

A third set of experiments were carried out using the same esters (198) and (213), the
same catalyst, AlCl; the same molar ratio 1 : 1 : 2.2 and no solvent. These experiments
were carried out at 100°C for periods of time 30, 40, 60 and 126, min as well as 10 and
20 hr. Bach sample was quenched with 5 ml of 1 molar HCI at the set time and then when
it had cooled, made up to 100 ml with CH,Cl,. Analysis was by GC-FID using the
standards described in the above- paragraph. The results show transesterification as there
-were the two non-starting esters (197) and (214) and somé of their rearranged products.

All of the results are tabulated later.

The rearrangement of the individual esters (198) and (213) was also carried out at the
same température of 100°C and at a 1 : 1.1 molar ratio to the catalyst AICl, for the same
periods of time. Analysis was again by GC-FID.using the same standards and the results

are compared and tabulated.
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A number of ofher crossover experiments were examing

- actual mechanism_but more.to observe what transesterification or transsulfamoylation

was occuring. Phenyl N N-dimethylsulfamate was heated with aniline and AICl; as
catalystina 1 : 1 : 2.2 molar ratio at 140°C for 90 min. The products of this reaction as
separated and identified by GC-MS were phenol = 5% , the starting ester (195) = 50%,
‘both of t.he rearranged sulfonamides (229) =~ 25% and (230) =~ 3% and a cémpound
anilino N, N-dimethylsulfonamide ~ 4% as deduced‘ from it’s mass spectra. Quantitation

1s purcly an estimation from the peak areas of the chromatograph.

This reaction was also carried out using 2 molar AICl; in nitrobenzene for 90 min at
140°C. The result was =~ 90% of the ester remained and ~ 5% of the ortho- sulfonamide
with none of the para- product showing. =~ 2% each of phenol and aniline N N-

dimethylsulfonamide compound were also detected.

" 200 mg of phenyl N,N-dimethylsulfamate was heated with an equivalent of pyrrole and
2.2 equivalents of AICl; to 120°C for 4 hr. No transsulfamoylation could be detected by
GC-MS with only the sta;ﬁng ester, .phenol and the two rearrangement sulfonamides

being found on the ‘chromatograph.

100 mg of phenol and an equivalent of N,N—dinﬁethylsulfamoylchloﬁde were heated to
140°C for 60 min with 50 ml acetonitrile. The reaction mixture was analysed by GC-MS
and apart from the two starting materials, N, N-dimethylsulfamoyichloride (= 25%) and

phenol (= 20%) , phenyl N N-dimethylsulfamate (= 3%), 4-hydroxyphenyl N,N-

- 145 -
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T dimethylsulfonamide (< 30%) " and an unknown compound with an M of 243 (= 20%)

_were found. This reaction could be studied further as.a one pot synthesis of the para-.

isomer.
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KESULTSAND DISCUSSION =777

Since the early days ' ® > ® of the Fries reaction, the rearrangement of phenolic esters to .
2- and 4-hydroxy ketones has been accepted that at low temperature the reaction gives
the para- compound while at higher temperatures the reactions ( > 120°C) favour the
ortho- compound. This theorem has been widely expounded-across most of the literature -
over the last 100 years so it is quite a surprise that the above dat‘a does not agree. Tables
36, 38, 40, 42, 44 and 46 all show that an increase in time of reaction and an increase in

temperature of reaction give a decrease in the ortho / para isomeric ratio, i.e. the higher

temperature increases the para- product.

For the present studies pheny! N,N-dimethylsulfamate was reacted with AIC]; in the
following ratios 1 : 0.5,1:1,1:1.5,1:2and 1 : 2.5. These investigations were carried
out at varying temperatures using an oil bath (+ 5,C), and for different lengths of time.
The quantity of the ortho- and para- rearranged products of phenyl N,N-
dimethylsulfarhéte together with the ortho / para ratio is temperature and time dependant.

The reaction conditions are as stated in the experimental above,

OSO,NMe, OH OH
AICH, SC,NMe,
> +
SO,NMe,
(195) (229) (230)
Scheme 83
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“""I'héorikio ] para ratio obfained in the homogeneous rearrangement of phenyl N,N
. dimethylsulfamate (195) with. AlCl; at 1 : 0.5 to give 2- and 4- hydroxyphenyl

N,N-dimethylsulfonamide.

Table 19
Time (min)

Temp (°C) 15 30 60 120
100 26 1.8 1.9 2.1
110 1.9 1.8 1.7 1.6
120 2.1 14 - 241 1.6
130 2.4 1.3 1.6 1.4
140 25 1.1 1.6 1.2
150 1.6 1.0 1.1 0.9

The total yield of 2- and 4-hydroxy N,N-dimethylsulfonamides (229 and 230)

at various temperatures and times.

Table 20
Time (min)

Temp{°C) 15 - 30 60 120
100 22 23 27 39
110 33 35 26 41
120 41 37 39 40
130 39 43 49 47
140 40 49 54 59
150 52 61 58 67
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" I'h€oriho | para ratio obtained in the homogeneous rearrangement of phenyl

N,N dimethylsulfamate (195) with AICl; at 1 : 1 to give .

2- and 4- hydroxyphenyl N,N-dimethylsulfonamide

Table 21
Time (min)

Temp (°C) 15 30 60 120
100 0.8 0.9 07 1.0
110 0.6 0.7 0.6
120 0.5 0.4 0.5
130 0.9 0.5 04
140 1.0 0.5 0.4

150 1.6

Total yield of 2- and 4-hydroxy N,N-dimethylsulfonamides (229 and 230)

at various temperatures and times.

Table 22
Time (min)

Temp(C) 15 30 60 120
100 36 52 58 93
110 61 64 67
120 67 68 69
130 78 74 76
140 88 87 88

150 . ©8

-149 -



“"The ortho | para ratio obtained in the homogeneous rearrangement of

phenyl N.N dimethylsulfamate (195) with AIC}

2- and 4- hydroxyp]:enyl N,N-dimethylsulfonamide

Table 23
Time (min)
Temp (°C) 15 30 60
100 07 08 07
110 09 05 06
120 07 07 0.5
130 07 06 0.6
140 05 06 0.4
150 05 05 0.4

Total yield of 2- and 4-hydroxy N,N-dimethylsulfonamides (229 and 230)

at various temperatures and times.

Table 24
Time (min)
Temp(C) 15 30 60
100 60 65 73
110 73 69 77
120 79 78 86
130 89 92 79
140 88 S0 92
150 92 o 87
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I'hé ortho | para ratio obtained in {he homogeneous rearrangement of

. phenyl NN dimethylsulfamate (195) with AICL; 2t 1 :2 ¢o

Avan i

2- and 4- hydroxypheny! N, N-dimethylsulfonamide

Table 25
Time (min)

Temp(°C) .15 30 60
100 0.8 0.5 04
110 06 0.5 0.5
120 0.6 0.4 0.4
130 0.7 05 0.4
140 0.5
150 0.4

Total yield of 2- and 4-hydroxy N,N-dimethylsuifonamides (229 and 230)

at various temperatures and times.

Table 26
Time (min)

Temp(’C) 15 30 60

100 75 79 83

110 78 85 90

120 80 91 89

130 92 94 93

140 91

150 94
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““The orikio | para ratio obtained in the homogeneous rearrangement of

phenyl N,N dimethylsulfamate (195) with AICI; at 1.: 2.5 to give

ol
£ La Lt

2- and 4- hydroxyphenyl N,N-dimethylsulfonamide

Table 27
Time(min)
Temp (°C) 15 30 60
80 0.9 1.0
100 0.9 1.1
120 08 07 1.3
130
140 15 04 1.3
150 0.9

Total yield of 2- and 4-hydroxy N,N-dimethylsulfonamides (229 and 230)

at various temperatures and times.

Table 28
Time (min)

Temp(°’C) 15 30 60

80 25 49

100 80 - 94

120 . 76 90

130 30

140 39 60 26

150 90
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.FID using_the,_}hethod of internal standard, the internal standards used were n-tetradecane
and n-octadecane. The method is the same as has already been described above using
pure samples of the sulfamate and both sulfonamides. These conditions gave good
reproducible results for both standards and samples (n = 3, RSD = 82% - 12.3%)..

Phenol and remaining ester were not recorded but the total of both can be deduced.

There are no publications found on the thia-Fries rearrangement of sulfamate esters in the
literature apart from the one paper by the present group. With no precedent on these
particular esters it can on}y be assumed that all ester do not rearrange in the same manner
-and that with phenyl N,N,-dialkylsulfamates the higher reaction temperature favours the

para-isomer.

Over many years a number of groups working at the Fries rearrangement and in

particular a group led by Robert Martin®® (2 2nd b

, claim that why higher temperatures and
longer reaction times favour the ortho-isomer is because “the p-hydroxyarylketones
rearrange further to the o-hydroxyarylketones with AICl;”. This car.i ﬂot be the case for
the above sulfamates because as already stated, 2- and 4-hydr0xyphenyl_ N, N-

dirﬁethylsulfonamide were heated with AICl; to 140°C for 30 min and were found to be

stable with no rearrangement.

The same group® claim that ortho / para ratio also depends on the on the catalysts used,

boron trifluoride favours the para- while titanium and tin tetrachloride favours the ortho-
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"As alieady stated, these experiments on yield and product ratio were quantified by GC-



product. ’fﬁefgb(')bvéﬁé)iﬁérvi'rhénft\s“ac;mﬁ(;{ agree with that statement as far as TRZL‘ is

~concerned, the four experiments all.favour the. para-sulfonamide. Of-the Lewis acid-
catalysts investigated, AlCl;, FeCl; and TiCl, were the only ones which resulted in any
appreciable amounts of rearranged sulfonamides. A number of other experiments with
different catalysts were carried out, phenyl N, N-dimethylsulfamate was heated with a 1 -

1 molar ratio of the various catalysts to 140°C + 5°C for 30 min in an oil bath.

Catalyst / Sulfamate Ratio=1, 140°C, 30 Min

Table 29

2-Hydroxyphenyl ~ 4-Hydroxyphenyl Ortho/Para % Ester

Catalyst N,N- N,N-
dimethylsuifonamide dimethylsulfonamide Ratio Rearranged
TiCly 38% 42% 0.9 80
“ 17% 59% ' 0.3 76
“ 19% 60% 0.3 79
ke 26% 41% 0.6 67
FeCl; 35% 28% 1.3 : 99
“ 22% 55% 0.4 77
“* 26% 54% 0.5 95
o 24% 62% ' 0.4 86
ZnCl, 1% 6% ; 0.1
Lo 0 1 N/A o 1
CuCl, - 1% 4% 0.2 5
“ 0 1% N/A 1
NiCl, 2% 2% 1.0 4
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1 o fat.

~from-the-datasonly-AlCh-(tlie=ori giﬁai“‘lﬁewis‘aéid*ase“d;iGG"‘yéa“r“s"”'aifgd‘ o

FeCly and TiCl, arc offective at rearranging this _particular phenyl NN-

dimethylsulfamate. FeCl3 has been used in a number of other investigations.

Catalyst

SnCIZ

1 Molar AICI;
Nitrobenzene

113

1Molar AICI,
Chlorobenzene

- 1 Molar FeCl,4
Nitrobenzene

1 Molar FeCl,
Chlorobenzene

No Catalyst

Catalyst / Sulfamate Ratio=1, 140°C, 30.Min

Table 30
2-Hydroxyphenyl  4-Hydroxyphenyl Ortho/Para % Ester
N,N- N,N-
dimethylsulfonamide dimethylsulffonamide 'Ratio Rearranged

1% 1% 1.0 2

0 1% N/A 1

0 1% N/A 1

0 1% N/A 1

0 1% N/A 1

0 1% N/A 1.

0 1% N/A 1
7% 10% . 0.7 17
8% 12% 0.7 20
1% 1.5% 0.7 .25
1% 1% 1.0 S 2

0 1% N/A 1

0 0 N/A 0
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~Inert solvents such as mirobenzene, chlorobenzene and dichloroethane have been used

extensively..in the_Fries rearrangement. to create_hom
according to the literature. As the starting sulfamate esters used in these reactions are
liquids, even though sometimes quite viscous, the reaction mixtures are all homogeneous

without solvent. AlCl; was dissolved in nitrobenzene and chlorobenzene to a 1 molar

concentration-and this-was used as catalyst in a number of thia-Fries rearrangements.

These reactions were unsuccessful and this is possible because the ester and catalyst

molecules are not in close enough proximity within the solvent cage at a concentration of

1 molar.
A number of experiments were also carried out using FeCl; as the Lewis acid catalyst.
The ortho / para ratio obtained in the homogeneous rearrangement of

phenyl N,N dimethylsulfamate (195) with FeCl; at 1 : 2.5 to give

2- and 4- hydroxyphenyl N,N-dimethylsulfonamide

Table 31
Time (min)

Temp

ccp B N =

80 0.9 0.9

100 0.9 1.1

120 :

130
140 - 14

150

- 156 -



~Total ield of 2- and 4-hydroxy "N,N-dimethylsulfonamides (229 and 230)

at various temperatures and times. .

Table 32

Time (min)
Temp
0 15 30 60
ccy = = =
80 _ 57 . 53
100 41 56
120
130
140 18
150

Some further rearrangements were carried out later with to check on reproducibility of
the reaction. These again invelved the ester, phenyl N,N-dimethylsulfamate with AICk
and FeCl; as catalysts in a 1 : 1 molar ratio at 140°C. All the experiments were carried

‘out in the oil bath-which was maintained at the stated temperature + 5°C. Two rcactions

_ for each of the catalysts were carried out at 30 min and at 60 min, a total of eight

fearrangeinicnts. This quantitative analysis' was catiied out” by G GC- FID using theé saiie
conditions and standards as stated previously. All of the: reactions showed small

quantities of phenoi < 1% and, as is shown by the amount of the ester which rearranged,

a small % of starting material.
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“Catalyst/ Sulfamate Rafio = 1, 140°C, 60min and 30 Min

Table 33
2-Hydroxyphenyl 4-Hydroxyphenyl

N,N- N,N- Ortho/Para % Ester
Catalyst dimethylsulfonamide dimethylsulfonamide  Ratio Rearranged

60 min
AICI; 33% 55% 0.6 88
“ 34% 48% 0.7 82
FeCl, 30% : 69% 0.4 99
“ 31% 64% 0.5 95
30 min
AlCI, 25% 55% 0.5 80
& 24% | 59% . 04 83
FeCl, 26% 57% 05 83
“ 24% 50% 0.5 74

These results are very. reproducible but compared to table 32 much more of the sulfamate

ester has been rearranged.
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As q’rated f:arhﬁt ta dctermme the mnleculantv nf '[hﬂ th,ta:Fnqure.arr_an.qemem a. numbex

of choice 10.ascertain whether the reaction is inter-, intra- or b;mglecmar

o e et Ao ANOM fo sl 01
sulfonaniide, singly, was heated to 140°C in ther oil

further rearfangement, or reversal to sulfamate, might happen. Under the conditions all of

‘e Sulfomarindes IESIEU showel 10 reaciioi ol DIeaKduwiL

3

0802NMe2 jH H
| TS
P P
SO, Nivte,
(141) (251) (195) (229) (230)
‘ OSO,NMe,
|
/SOZNMez
cl
(197) (232)
~ Fig. 11
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“The same set of standards (ﬁg 11) were used for both of the Crossover experiments,
schemes 84 and 85, In the first case neiiher of the' esters, phenyl N, N-dimethylsulfamate
nor 4-chlorophenyl N, N-dimethylsulfamate were detected but in the second experiment a

small amount of both were found. As no internal standard was used in the analysis of

these crossover experiments the products are shown as molar ratios to each other.

OSO,NMe,
140°C
AICI, —
90mins
1 1 2.2
OH OH OH OH OH
. SO,NMe, | SO,NMe,
+ + e S S
, cl cl . ' SO,NMe,
1 : 4 : 1 - : 1 : 4.5
Molar Ratio :
Scheme 84
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OH ™™ OSO,NMe,

| |
IR X L 140°C
] + ’ + AlCl; —_—
~ = 90mins
Ci
1 1 2.2
OH OH OSO,NMe, H OH
: SO,NMe, .
+ + + . O ;
¢ SO,NMe,
OSO,NMe, OH
SO,NMe,
+
Cl cl
12 : 12 : 1 : 3 : 6 : 15 : 2
Molar Ratio

Scheme 85

A further set of crossover experiments similar to the first two, were carried out. Stability
tests were initiated on the two sulfonamides in the set, 4-chloro 6 hydroxyphenyt N, N-
dimethylsulfonamide and 2-hydroxy-5-methyl N,N-dimethylsulfonamide and théy were

deemed to be stable ina 1 : 1 ratio with AICI; to 140°C for 30 min.
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“ASet of standards suitable for the set of experlments were made up and used to quantlfy :

OH OSO,NMe, OSO,NMe, OH -
: © @ 80, NMe© _-S0,NVe,
Me cl
(283) (251) (200) (235) (197) (232)
Fig 12.
OH OSO,N{Me),
140°C
+ + AlCI, —
90mins
‘Me cl
1 1 2.2
OH OH . OSO,NMe, OH OSO,Nie, OM '
/sozNMez __SO,NMe,
4 %+ + R +
| | |
Me Cl Me Me cl cl
11 : 17 : 1 T 14 : 2 : 6
Molar Ratio

Scheme 86
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“"The reac’zl(;nof -_ 4~c-hl;}oi31_wﬁj}71» NN-Blmethy;lsulfonamlc{e 'with an E‘e;llilirvalent pf 4—
methylohenol . .and. ‘2;2~s<';uivalents of AlCl; (scheme 86) and 'thé" reaction of 4-
methylphenyl N, N-dimethylsulfonamide with an equivalent of 4-chlorophenol and 2.2
- equivalents of AlICl; (scheme 87) were the two crossover investigations in this

setAnalysis as usual was by GC-FID using the same conditions and column as stated

previously.

OH OSO,N(Me),

140°C
+ + ACl;, ——

90mins

Cl Me

1 1 2.2

OH OH OSO,NNe, ° 0SO,NMe,

Me c Me Me

4 o 14 : 0.25 : 12 : 0.5 : 5.5_
Molar Ratio
Scheme 87
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“Two comoounds were used in a m nurnber of o1 crossover experlments 4-bromophenyl N, N:
dlmefhv ulfamate (198). -and - 4-chloropheny! - A N-die hylsuifamate (2i3). These
experimeqts were carried out at a number of temperatures and for various times. Tests
were carried out on the two above esters and also on 4-bromophenyl N,N-
dlethylsulfamate (214) and 4-chlorophenyl N, N-di-n-propylsulfamate (219) to estimate
their reaction speeds i.e. the rate of rearrangement from ester to sulfonamide,‘ over set
times and at certain temperatures. These reactions were homogeneous because all of the
abovel esters are liquid at room temperature. The initial two compounds above were

found to have rates of rearrangement quite close to each other at 140°C (fig. 13 table 51).

OSO,NME2 OH ‘ (T}SOZNEt2 OH
SO,NMe, SO,NEt,
()~ -
Br Br Cl Ci
Fig. 13
Table 34
Time - % Ester Time % Ester
(min) Rearranged (min) Rearranged
0.25 - 25 0.25
0.5 4.5 0.5 1.5
1 6 1 9
2 12.5 2 , 11
4 28 - | : ) 14
6 356 5] ' 20
8 38 8 22
10 40 10 23
15 45 15 24
20 . 48 20 _ 28
25 40 ' 25 29
30 ' 41 30 -3
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A éét of standards which mcludes all of the followmg along w1th h- tetradecane n-

.- -heptadecane -and- n-octadecane were- made ‘up: The aikanes ‘were inciuded as internal’

standards and all the concentrations were in the 0.2 mmolar region.

OSO,NMe, OH OSO,NMe,
(o]] ‘ Br
(251) (284) (197) (232) (198)
OSO,NEt, OSO,NEt, OH
©SO NMez ;t i SO NEt i SozNEtz
Br Br
(233) (213) (241) (214) (242)
Fig. 14

Six samvl-)les of 200 mg each of 4-bromophenyl N,N-dimethylsulfamate (198) and 4-
chlorépﬁenyi N, N-diethylsulfamate (213). were heated with AlCl; ina 1 : 1 : 2.2 molar
ratio at 140°C for varying lengths of time. The reactions were quenched with 5 ml 1
molar HCI and the mixture was made up to 100 ml with CHZCIZ, _Anéiysis was by GC-

FID against the above set of standards and the results are as in table 35.
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“B8ONMe, - OSONEt,

/\ T /l% ' v,5‘.’°c
| + | + AICH, 100°C
S - . 140°C
Br Cl
(198) (213)
1 1 2.2
Scheme 88

A furthe; set of crossover experiments were carried out with the same two starting esters
(198) and (213) with AICk; and at the same molar ratios of 1 : 1 : 2.2. There were 8
different reactions in this set, 1, 2, 5, 10, 15, 20, 25, and 30 min in duratibn and all at

80°C (table 36).

A third set of experiments were Eanied out using the esters (198) and (213), the same
catalyst, AICls the same molar ratio 1 : 1: 2.2 and no solvent. These experiments were
carried out at 100°C for periods of time from 30 min to 20 hr (table 37). The
rearrangement of the individual esters was alse carried out at the same temperatu‘re of
100°C and at a 1 : 1.1 molar ratio to the catalyst (table 38 and 39). The double sulfamate
reactions as Well as the individual sulfamate rearrangements were all analyséd by the

same method as above with the GC-FID and using the same set of standards.
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Tirne
5 z”._:.
10 _éz
- 15 Min
20 %:
25 z?.

30 g::

%

%

%

%

%

%

4-.
Chlorophenol

38
53
46
3.2

5.1

[$3]
ey

4-
Bromophenol

1.2

3.0

3.2

27

3.0

Table 35

(197)

1.0

2.3

2.0

1.5

3.4

(232)

-167 -,

(198)

47.8

42.9

46.5

45.1

429

(233)

0.7

1.0

12.4

{213)

43.2

40.2
37.6
31.1

37.4

(241) (214)

0.8

1.1

1.4

1.1

2.0

21

4.2

3.7

3.0

6.2

Results of crossover experiment of 4-bromophenyl N,N-dimethylsulfamate and 4-chlorophenyl N, N-diethylsulfamate
140°C

(242)

0.4



Crossover experiment of 4-Chlorophenyl ?Z.Eﬁ_.ﬁm..:?.:ma. and a-w.d&oﬁro:%_ ??.&Eﬁr%_m:_?isa

) Time

.__s_"_:
2Min
5 gﬂs
10 _sw:
dmg?

20 Min

| 25Min

30 Min

4-
Chlorophenol
%

2.7.
3.1
1.7
6.1
4.6
4.1
6.3

4.8

4-
Bromophenol
%

4.2
3.6
3.0
52
47
4.3
5.6

46

(197)
%

0.8
0.8
0.7
27
1.7
1.1
3.2

14

80°C

Table 36
(232) {198)
% %
0.3 43.2
0.2 41.5
0.2 29.7
0.3 wNN
0.3 mN.‘_
0.2 39.7
0.2 37.7
0.2 38.0
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(233)

%

0.6
0.6
0.7
1.3

1.2

1.0

1.0

1.3

{213}
%

50.3
47.3
47.9
44.9
41.8
43.8

37.8

139.9

(241)

%

0.2

0.2

0.3

0.4

0.3

0.5

04

(214)

4

0.1
0.5
0.1
1.9

1.0

2.4

0.7

(242)

Yo

0.1

0.1

0.1

0.1

0.1

0.1



i

Resuilts of crossover experiment of 4-bromophenyl N,N-dimethylsulfamate and 4-chlorophenyl N,N-

Time
30 Min
40 Min
60 %5
120 ?:
10 Hr

20 Hr

%

%

%

%

%

%

4-
Chiorophenol

4.9

5.5

10.5

8.3

8.3

12.5

4-
Bromophenol

2.9

3.8

8.3

6.5

12.3

100°C
Table 37
(197) (232)
26 0.8
3.7 1.1
10.2 1.5
7.3 1.4
94 1.4
6.5 4.5
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(198)

28.4

27.2

251

29.2

25.2

5.3

(233)

2.0

24

2.9

29

3.9

53

(213)

33.8

29.7

284

31.3

26.2

7.0

(241)

1.5

1.7

4.6

3.4

4.6

9.6

(214)

1.9

24

7.1

5.1

6.5

3.0

diethylsulfamate

(242)

0.4

0.7

14

1.2

14

5.6



The i'n-d}}li(iiié.l-‘l;;n;ogéneous thia-Fries rearrangement of 4-bromophenyl N,N-

.. dimet

methylsulfamate and 4-chiorophenyi N,N-diethylsulfamate at 100°C with AICI,.

Table 38
i : 4-Bromophenyl| 3-Bromo-6-
Time 4- N,N- hydroxyphenyl N,N-
Bromophenol dimethylsulfamate dimethylsuifonamide
(198) (233)
30 Min 12.0 66.2 13.7
40 Min 11.3 69.5 11.7
60 Min 6.5 76.8 74
120 Min 9.4 ‘ 16.0 67.6
10 Hr 18.0 47.3 30.5
20 Hr 138 19.6 ‘ 22.1
- Table 39
4-Chlorophenyl 3-Chloro-6-
Time - 4- N,N- - hydroxyphenyl N,N-
Chiorophenol diethylsuifamate diethylsulfonamide
: (213) | (241)
30 Min 223 616 8.7
4OMin 91 . 814 14
60 Min 26.5 457 21.3
120 Min 12.5 39.6 41.1
10 Hr 14.0 776 45
20 Hr 45 66.1 2.1
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A number of other crossover experiments were examined, not so much to study the

€onann ~o1

actual mechanism but -more lation

e to observe what transesterification or transsulfamoy
was happening. One of these reactions as seen in scheme 89, involved the heating of
phenyl N,N—dimethylsulfémate with aniline and AICI; as catalystina 17 1 : 2.2 molar
ratio at 140°C for 90 min. The products of this reaction as separated and i.dentiﬁed by
GC-MS were phenol = 5% , the starting ester (195) = 50%, both of the rearranged
sulfonamides (229) N 25% and (230) =~ 3% and a compound anilino N,N-

dimethylsulfonamide (285) =~ 4% as deduced from it’s mass spectra. Quantitation is

purely by estimation from the peak areas of the chromatograph.

OSO,NMe, NH,
AICI, 140°C
+ {Nitrobenzene) 80 min
{195) (58)
1 : 1 : 2.2 Molar Ratio
OH 0SO,NNe;, OH ' " NH; OH
‘ SO,NMe, SO,NMe,
+ +- 4+ +
SO,NMe,
(141) " (195) (229) (285) (230)
Scheme 89
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“"This reaction was also carried out using 2 molar AICl; in nitrobenzene. =~ 90% of the
-ester. remained and = 5% of the -ortho-- sulfonamide with none of the para- product
showing. ~ 2% each of phenol and the anilino N, N-dimethylsulfamate compound were

also detected.

Phenyl N,N-dimethylsulfam.;:tte was heated with an equivalent of pyrrole and 2.2
equinelents of AICl; to 120°C for 4 hr. No transsulfamoylation could be detected by GC-
MS with only the starting ester, phenol and the two rearrangement sulfonamides being

found on'the chromatograph.

OSO,NMe,
120°C
+ || || -+ ac, —
4 Hr
N .
l
H
(195) (286)
1 D 1 o 2.2  Molar Ratio
Scheme 90

Phenol and an equivalent of N, N-dimethylsuifamoylchloride were heated to 140°C for 60 -

min with 50 ml acetonitrile. The reaction mixture was ahalysed by GC-MS and apart
from the two starting materials, N, N-dimethylsulfamoylchloride = 25% and phenol =

20% , phenyl N,N-dimethylsulfamate =~ 3%, 4-hydroxyphenyl N, N-dimethylsulfonamide
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%"30% “and an unknown compound with an M" of 243 ~ 20% were found (scheme 91).

... This reaction worked as a.one

H
- 0 140°C
60 min .
=+ CISO,NMe, >
Acetonitrile
OH OSO,NNe, OH
CISO,NMe, <+ @ + © + + Compound (M*243)
o SO,NMe,
Scheme 91

Transesterification, or ester transfer, is a reaction which can be catalysed by either acids
or bases, it is an equilibrium reaction which may be shifted in either direction *°. In many
- cases low-boiling esters can be converted to hi gher-boiling ones by the distillation of the

lower-boiling alcohol as soon as it is formed.

H* -

RCOOR' + R'OH ——=— RcoOOR" 4+ ROH

or OH'“

Fig. 15
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This reaction has been used for the acylation of a primary alcohol in the presence of a
-secondary alcohol where the diol is treated with ethyi acetate in the presence of Woelm =
neutral alumina. Transesterification can also be- carried out with phase transfer catalysts

without added solvent’..

Transsulfamoylation, or sulfamate ester transfer, is an analogous reaction to the above
and is part of the mechanism that is taking place in the series of reactions depicted in

schemes 84 to 88.

OSO,NMe, OSO,NMe,

Scheme 92

Whether the transsulfamoylation occurs before or silﬁultaneously with the rearrangement
- can not be determined from these mechanistic experiments but the balance of probability
would indicate the latter. According to scheme 93 this would .be the mechanism best
indicated, where there is a iranssulfamoylation and an intermolecular thia-Fries
rearrangement occurring silﬁultaneously. AICl; acts as a phase transfer catalyst and there
1s no solvent involved. What cah‘ be said definitely is that -there is an intermolecular

element in the rearrangement.
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-+ + 2aic))

0 AcL* o A!CI+

@ ? + cl SOzNMez + Ho

OH OH OSO,NMe, - OSO,NMe, OH OH
' » SO,NMe, SO,NMe,
+ + + + -+
R R’ R R R R '

OH
¥ RorR'=H | + 2(AC,)

SO,NMe,

Scheme 93

In the other set of crossover experiments (tables 35 to 39) involving 4-bromophenyl N,N-

dimethylsulfamate and 4-chlorophenyl N, N-diethylsulfamate there is as before, formation
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“of sulfamoyl chioride by, and inciuding, the AICh and this may be the rate defermining
“step. . The sul aAm vl .chloride. t .

sulfamate and at the same time, or just subsequently, the rearrangement of the sulfamate
esters (scheme 94).
OSONWMe, OSO,NE,
+ + 2ack)
Br Cl.

o acL* o ach,*

+ + CI-SO,NMe, < CI-SO,NEt,
Br Cl
OSO,NMe, OSONMe, OSONEt, O0SONEt, OH OH
| SO,NMe, SO,NMe,
+ + + + +
Br ct - Br cl Br ' (o]
OH OH ,
SO,NEt, SO,NEt,
+ + % Phenols ¥ i,
Br _ ci
" Scheme 94
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The. formation of the N,N-dimethylsulfamoyl chloride s itself an imtermolec

mechanism and its sulfamoylation of the aryl entities either to sulfamates or

suifonamides would unequivocally be an intermolecular element in the rearrangement.
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THIA-FRIES MICROWAVE AND PHOTO REARRANGEMENTS

THIA-FRIES MICROWAVE REARRANGEMENT

INTRODUCTION

In the electromagnetic spectrum, the microwave radiation region is located between
infrared radiation and radio waves. Considerable knowledge of microwave radiation was
obtained from the development of radar before and during the Second World War.
Microwaves have wavelengths of Imm — 1m, corresponding to frequencies between 0.3
and 300 GHz. Telecommunication and microwave radar eqﬁpﬁent occupies many of the
band frequencies in this region. The frequenciés allotted to microwave dielectric heating

(also referred to as microwave heating or dielectric heating) are 918 MHz and 2.45 GHz

+ with the latter predominating, and used totally in domestic appliances. These frequencies

correspond to respective wavelengths of 33.3 and 12.2cm.

‘Microwaves are electromagnetic waves, which by their nature contain electric and

magnetic field components. The electric fleld applies a force on charged particles as a
result of which the chargéd p;u'ticles start to migrate or rotate. Due to the movement of
charged particles further polarisation of polar particles takes place. The concerted forces
applied by the electric and magnetic components of microwaves are rapidly changing in

direction (2.4 x 10° per sec.) thus causing warming, because the assembly of molecules,
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eg. 5/1‘i’qu_id_ or a semi-solid cannot respond instantaneously to the changing direction of

the field, which manifests itself as heat.” -

To further explain the dipolar polarisation mechanism, as with all electromagnetid
radiation, fnicrowave radiation can be divided into an electric field coﬁlponent and a
magnetic field component. The former cémﬁoneﬁt is responsible for the -dielectric
heating, which is effected via two major mechanisms. One of the interactions of the
electric field component with tﬁe matrix is called the dipolar polarisation mechanism. Fof

a substance to generate heat when irradiated with microwaves it must possess a dipole

_
TN

Dipolar molecules which try to align with an oscillating electric field.

moment, which a water molecule has.

Fig. 16

A dipole is sensitive to external-electric fields and will attempt to align itself with the

field, by rotation. The applied field provides the energy for this rotation (fig, 16).

In gasses, molecules are spaced far apart and their alignment with the applied field is,
therefore, rapid, while in liquids instantaneous alignment is prohibited by the presence of

other molecules. The ability of molecules in a liquid to align with the applied electric
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field will vary with different frequencies and with the viscosity of the liquid. Under low
- frequency irradiation, the molecule will rotate in phase ‘»-vith the osciliating eiectric field.
The molecule gains some energy by this behaviour, but the overall heating effect By this
full alignment is small. Alternatively, under the frequency‘ of a high frequency electric
field the dipoles do not have sufﬁciént tirﬁe to respond to the oscillating field and do not
rotate. Since no motion is induced in the molecules, no energy ‘transfer takes place and
therefore no heating occurs. If the applied field is in the microwave radiation region,
however, a phenomenon occurs between these two extremes. At this frequency the
applied radiation is low enough so that the dipoles have time to respond to the alternating
electric field and therefore rotate. 'fhe frequency is not high enough for the rotation to
precisely follow the ﬁéld; therefore, as the dipole re-orientates to align it with the electric
field, the field is already changing and generates a phase difference between the
orientation of the field and that of the dipole. This phase difference causes energy to be

lost from the dipole by molecutar friction and collisions, giving rise to dielectric heating.

In a solution containing ions, or even a single isolated ion with a hydrogen bonded
cluster,\ the ions will move through the solution under the influence of an electric field.
This will result in expenditure of energy due to an increased collision rate, converting the
kinetic energy to heat This conductivity mechanism is a much stronger interaction than
the dipolar mechanism with regards the heat—generating capacity. In the above example,
the heat generated by the conduction méchanism due to the presence of ions adds to the

heat produced through the dipolar mechanism, resulting in a higher final temperature.
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. ]HE' heart of every 'ﬁﬁéﬁ)Wai}-éJ.(i\A/éh is the higﬁ 'Qdi{age system the hi;énetf;)n—éé.. Its

_purpose is to géncrate microwave energy.- The high-voltage components accomplish this
by stepping up AC line voltage to high voltége, which is then changed to an even higher
DC voltage. Thfs DC power is then converted to RF energy. The nuc;leus of the high-
voltage sysiem is tﬁe magnetron tube. The magnetron is a diode-type electron tube,
which is used to produce the required 2450 MHz of microwave energy. It is classed as a

diode because it has no grid, as does an-ordinary electron tube.

In the 1970°s the construction of the microwave generator, the magnetron, was both
impyoved and simplified. Consequently the prices of microwave ovens fell considerable,
leading to them becoming mass-produced. The design of the oven chamber or cévity,
however, which is crucial for the heating characteristics, was not significantly improved
until the end of the 1980’s. ** Microwave ovens can range from simple mﬁltimode ovens
to co.ntinuous multimode ovens to large-scale batch ovens. In some cases glassware; has
been redesigned in order to carry out reactions iﬁ ﬁulﬁmode microwave ovens.
Microwave dieleétric heating is a well-established procedure not only for the QOmestic

preparation of meals, but also it is widely used industrially for the processing of food and

industrial materials.

The classic work of von Hippel and his co-workers *° in the early 1950°s provided a
sound theoretical basis for these technological developments, and his group provided an
important database of dielectric properties on common substances, foodstuffs and

‘materials. This database has been expanded upon as the technological need arose and
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““thore 7récentl§ a considerable effort has been directed toward the measurement of -the
-dielectric properties of biological materials: %% This was prompted in part by the need to
provide fundamental data which would underpin the public and scientific discussion

concerning the health hazards, which may arise from the interactions of electromagnetic

radiation in the microwave and radio frequencies ranges with biological tissues.

As stated above, in 1986, Gedye et al. * and Giguere et al. > demonstrated for the first
time, that many organic reactions can be conducted very rapidly under microwave
irradiation and in 1994 Sridar and Sundara Rao ** published the first report on

‘Microwave-induced rate enhancement of Fries rearrangement’.

A convenient and general procedure is described by Mali and Massey *® for the synthesis
of 5-allyl~2-aryl-%—methoxybenzoﬁ1rans from 2-ally10xy-3-methoxybenzaldehyde as part
of a scheme to provide the naturally occurring benzofurans which have medicinal
properties. When a solution of the aldehyde in N,N-dimethylanaline was irradigted ina
microwave oven for 10 min (power' not reported), S-allyl-2-hydroxy-3-
methoxybenzaldehyde was obtained in 65% yield along with a minor (15%) amount of 2-
allyl-6-methoxyph‘enol. This is the principle step of interest in the study i.e. the Fries
rearrangement under micfowave conditions of compound (287) to product (288) as in

Scheme 95,
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- , CHO
& o
o o N MW 10 min

OMe

(287) ' . {288)

Scheme 95

Kadilkar and Madyar * describe “a very safe, fast and practical Fries rearrangement with

conventional AICI; catalyst, carried out in a modified microwave oven at atmospheric

pressure”.
OCOR OH OH
AICl,, PhCI, MW, Stirring COR
R' c Rl + R,
’ 1 atm.
(172) (173) COR
(174)

R = CH,, CH,CH, and Ph
R' = H, CH, & NO,

Scheme 96

The instrument. was fitted with a stirring motor below the floor of the cavity and a
condenser through the roof of the cavity. To 10 mmol of ester in 5 ml chlorobenzene was
-added 15 mmol of AICI; and the mixture was stirred for a predetermined time while the

temperature was recorded (scheme 96 and table40),
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'

Substrate

,. ' Phenyl acetate
Phenyl propionate
| Phenyl benzoate
2-Naphthyl benzoate
m-zm_mgﬁv:m:s benzoate

\._-w”,__:on:mzs benzoate

Time
(mins.)

12

Temp °C
106

106
108
110

112

112

Table 40

(%) Yield with MW
2-Hydroxy (73); A-Ivaaoxx (23)
2-Hydroxy (28); 4-hydroxy (62)

4-Hydroxy (70)
1-Benzoyl (72)
4- Benzoyl (25)

2-Benzoyl (38)
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(%) Yield with Thermal

2-Hydroxy (70); 4-Hydroxy --
2-Hydroxy (32); 4-Hydroxy (45)
A-IE_,.QQ (quantitative)
1-Benzoyl (66)

4-Benzoyi (32); 6-Benzoyl (50)




Moghadds;m et al 0@ state | fﬁat, >al/ti10thgi] fhe ehermal- fries- ;earea;éement of
acy!oxy;benzenes-provides useful rouies to acyiphenois, a long reflux time With'more
than a stoichiometric amount of a Lewis acid such as AICls, is required. These thermal
reactions give rise to a mixture of ortho- and para-substituted products, the proportion of
each being strongly influenced by the temperature (high temperature favours ortho-
shifts) and the reaction medla It was therefore necessary to develop a new catalyst that
would promote the Fries rearrangement cleanly and regioselectivity. It was discovered
that an AICl;-ZaCl, mixture supported on silica gel is an efficient medium for the Fries
rearrangement without solvent under microwave dielectric heating. Neither of the Lewis

acids alone, on silica gel, promoted the reaction (scheme 97).

0] Me OH
\[( 7 min 95% Yield

0 _ . 0
MW irradiation.

(8) G e

Scheme 97

A new activation method for the Fries rearrangement of arylsulfonates is described by
the same group *®, The coupling of micfowave irradiation with the use of catalysts or
mineral supported reagents, under solvent-free conditions, provides chemical processes
with special attributes such as enhanced reaction rates, higher yields, greater selecﬁvity

and improved ease of manipulation, according to the authors (scheme 98).
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VOH

10 mins. 87% yield ‘ —
/ 0-80, —\—//—CH —_—
ortho/para= 4

- (14) (15)
o Con 2 Q
92% yield -
- (289) (290) so

10 mins.
Cl 0-S0, CH, ——= (I OH
81% yield
291
(291) (292) SOZQCH:,

o-soz©—cn3
' . CH:
CO 7 mins.
(293) 78% yleld (294)

3
0- sof@cnq
10 mins.
' (296)

(295) 67% yield

3

Scheme 98

This report states that an AICl; — ZnCl, mixture supported on silica gel is an efficient
medium for the promotion of the Fries rearrangement of arylsulfonates under
environmentally benign conditions through microwave irradiation. The synergies

promoted by these conditions leads to excellent yields.
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As an example, when neat p-methylphenyl-p-toluenesulfonate was mixed. with the
support (1:3 w/w) and subjected to microwave irradiation, 650 waiis at 2450 MHz for §

mins. A 92% yield of ortho-directed product, 2-hydroxy-5-methyl p-tolylsulfone, was

obtained (scheme 98).

At the same time, another paper was published by Das et al.'® entitled “The Fries

rearrangement of arylsulfonates and sulfonanilides under microwave irradiation.”

HNSOZ—-Q NH,
SO
1 min. MW 2@
95% vield '

AICl, 1.4 equiv.
(53) ’ (64)
HNSOzOCHS NH,
S0, CH,
1 min. MW
95% vyield
AIClL, 1.4 equiv.
(145) 3 L4ed (297)
HNSOZQ—CHS NH,
sor<j>—cu3
1 min. MW
94% yield )
AICl; 1.4 equiv,
- CH, - CH,
(208) ‘ (299)
Scheme 99
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‘These Teactions were carried out in the presence of AICI; under microwave irradiation
. and prepared hydroxy and aminoaryl sulfones. The rearrangements were carried out in 1
min and gave good yields (scheme 99).

{ "stated that “P,0s / SiO, was found to be an efficient new reagent in the

Eshghi et a
Fries rearrangement of acyloxybenzene or-naphthalene derivatives and in the direct

acylation reactions of phenol and naphthol derivatives with carboxylic acids under

microwave irradiation in solvent-free media” (scheme 100 and table 41).

P
o R ' OH OH O
P,0, / SiO, R
) 100°C / 24hr or
X MW / 5-10min X X
\
i 0
(172) (174) (173)
)()L |
o R ' OH O OH
e -
100°C / 24hr or
MW / 5-10min C ,
(300) (301) (302) i~ o
Scheme 100
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a

Fries rearrangement of acyloxy benzene and naphthalene derivatives by microwave irradiation

Entry’

Reactants
172
172
172
172
172
172
172
172
172
172
172
282 -

282
282
282

CH,

CH;
CH;
CH;
CH,
Ph
Ph
Ph
Ph
Ph
Ph
CH;

CH,
Ph
Ph

m-CH;
m-CH,
p-CH;
p-CH;
m-CH;
m-CHs
p-CH;
p-CH3
p-CHj

Reaction Conditions
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Table 41

100°C / 24 hr
MW /5 min
100°C /24 hr
MW /5 min
100°C / 24 hr
MW /5 min
100°C / 24 hr
MW / § min
100°C /24 hr
MW/ 5 min
MW /5 min
Aoooo {24 hr

MW /5 min
100°C /24 hr
MW / 5 min

172a (2)
172a (0)
172b (2)
172b (0)
172¢ (15)
172¢ (0)
172d (32)
172d (15)
172e (100)
172e (95).
172e (10)
282a (0)
282a (0)

282b (27)
282b (5)

174a (38)
174a (15)
174b (28)
174b (0)

174d (12)
174d (15)

283a (32)
283a (15)
283b (23)
283b (5)

Yield (%) of Products

173a (60)
173a (85)
173b (70)
173b (100)-
173c (85)
173¢ (100)
173d (56)
173d (70)
173e (0)
173e (5)
173e (90)
284a (68)

284a (85)
284b (50)
284b (90)




“Moghaddam and his group'®” continued. with their “research into microwave promoted
pseudo-thia-Fries rearrangement of aryl benzyisuifonates; highly reactive benzyl cation

generation”.

Durmg Previous investigations 860’)_ they observed that the 1rrad1at10n of aryl
benzylsulfonate esters under the same reaction conditions of aryl p—toluenesulfonate_s
(scheme 79) did not proceed by the same reaction pathway. Spectroscopic analysis of the
reaction products indicates that aryl benzylsulfonate prodqce benzylated phenolic
compounds with toss of SO, under microwave irradiation (scheme 101 and 102) in what

has become called photo-acid generators, PAG’s.

0SO,CH,Ph ' OH OH
AICl,  ZnCl, ! SiO, CH,Ph
MW, 10 min
X X X
Conversion - 75-91% :
(303) (131) - (304)
OH
PhCH, CH,Ph

X =H, Me, C|, NO,, and OMe

(305)

Scheme 101
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XO—SOZCHzPh
'lv/ (306) \MW
_ — -
x‘—@o. .S0,CH,Ph ‘ : ‘@*O- +S0,CH,Ph
SOZ , l

X‘@—O. .CH,Ph @-o- +CH,Ph

' mesitylene l
OH trap
PhCH CH Ph

CH,Ph PhCH,
(307) (308) (309)

SO,

Scheme 102

‘A similar reaction has been observed by photolytic irradiation of these compounds,

which generate SO, via a pseudo-thia-Fries ty}ae rearrangement.

Nonsteroidal anti-inflammatory drugs such as (313) are therapeutic agents useful in the
treatment of inflammation, pain and pyresis and for this reason Shashikanth er af '*
carried out a facile synthesis of dibenzoyl phenols. The synthetic sequence is outlined

.below, Benzoylation of substituted hydroxybenzophenones with respective benzoyl
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chlondes gives substituted benzoyl phenylbenzoate (scheme 103). These compounds, on
thorough mixing with an equal amount of montmorillonite K 10 clay, when subjected to
microwave irradiation for 10-13 min undergo a Fries rearrangement, which affords

substituted dibenzoyl phenols in excellent yields.

0
N
D,-*C
o
H COCI (312)
NaOH
+ —
K 10 Clay
{310) (311)
™Mo0
Cf O
(313)
Scheme 103

Synthesis of 2-substituted resorcinol is known to be a very difficult and unproductive
process, acylation occurs at 4-position (ortho to one hydroxyl) rather than the 2-
posisition (ortho to both hydroxyls). Chae er al, ' required large amounts of this
acylated resorcinol so they developed a convenient synthetic method of diacylation of
resorcinol through the Fries rearrangement. A conventional Fries rearrangement of

resorcinol diacetate (314) in AICI, / 1,1,2 2tetrachloroethane complex results in
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N

“24-ditlydroxyacetophenone  (315),  4,6-diacetylresorcinol  (316) and  2.4-
diacetylresorcinol (317). Microwave irradiation -with the -same complex gave the three
products in much shorter time, while irradiation at 254nm in diethyl ether just afforded

small quantities of product (315) and (316) as in scheme 104.

OH
H,COC
OCOCH, OH OH
+
AICl, COCH,
—_——
CLCHCHCI, (316)
OCOCH, 2 OH
(314) COCH, OH
(313) + COCH,
OH
COCH,
(317)
Scheme 104
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EXPERIMENTAT
Calibration of Microwave instrument

Before any rearrangements were carried out in the microwave instrument which was
used, a-Whirlpool Model 1L 10WH, a calibration of the instrument was performed. The

instrument tube is classed as 2450 + 50 MHz.

Calibration of a cavity type microwave involves the measurement of the microwave field
Versus percent power setting of the unit. Since the direct measurement of the microwave
field would require expeﬁsive specialised equipment, modification of the microwave
appliance and specialised training, an indirect technique of measuring the micrO\lvave
field is employed. The strength of the microwave field is measured by determining the
amount of microwave energy absorbed by a strongly absorbing substance, usually water.
Water is used for power calibrations almost uniformly in commercial and laboratory

microwave units,

Using the following thermodynamic relationship, the microwave field strength can be

determined and the applied microwave field defined.

K.C,.m. dT

Fig. 16
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Fis thie apparent absorbed power in watts (joule . sec™.
K is the conversion factor for calories . second” to W (4.184 J | cal™).

‘ Cp s the heat capacity of the microwave absorbing medium, water (0.997 cal . gl °ch.

/m 1s the total mass of the microwave absorber in the cavity.

dT 1s the change in temperature of the microwave. absorber from -the irradiation of the

MICTowave energy.

t is the time of the microwave exposure.

The calibration format required for microwave units depends on the type of electronic
system used by the manufacturer to provide partial microwave power. Few instruments
have an accurate and precise linear relationship between percent power setting and
absorbed power, so a multiple point calibration is required. In the case of these
experiments the multiple point calibration involved measureﬁents at each of the different

power setting on the instrument, namely 160, 350, 500 and 750 watts.

A fluorocarbon beaker (glass absorbs microwave energy) of reagent water, of known
mass, at 20°C + 2°C is circulated continuously through the microwave field for a pre
determined time. The temperature before and after irradiation is recorded accurately and

the power () is calculated in the above equation. .
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USifig $iX VATying amounts ot water from 120 g to 450 g and '\;arymg times from 45 sec
to 1‘8,0Nsec_ at a nominal sétting.of 750 watts, the average of the calculated energy output
was 582 watts (RSD = 17%). Likewise with the nominal setting of 500 watts, water from
120 g to 1400 g and time from 60 sec to 240 sec the average was 387 watts (RSD =
11%). When the setting was 350 watts and with the mass of water from 400 gto 1250 g

and the time \./ariation of 180 sec to 300 sec, an average output of 273 watts (RSD =
14%) was achieved. Finally, with 160 watt nominal setting, 350 g to 1100 g of waterand

240 sec to 600 sec for the times an average of 122 watts (RSD = 13%) was recorded.

Calibration of the microwave oven

Table 41
Yominal Sundard n=  Swndai(q =~ Tme Calculated oo
750 Watts  H,0 6 120 -450 45-180 582 Watts 17%
500 Watts  H0 6 120 - 1400 60-240 387 Watts 1%
350 Watts  H,O 6 400-1250  180-300 273 Watts  14%
160 Watts  H,0 6 350-1106 '240-600 122 Watts 13% '
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““Rearrangement of phenyl N, V-dimethylsuifamate by Microwave Irradiation

The experiments were carried out using phenyl N, N-dimethyl sulfamate (195) to give 2~
and 4-hydroxyphenyl N,N-dimethylsulfoﬁarnide (229 and 230). As the ester and
sulfonamides had been breviously purified and characterised, they, along with phenol-
and the internal standérds, n-tetrédecane and n-octadecane were uséd as the set of

standards for quantitation of the products of irradiation by GC-FID.

Although HPLC had previously been used for quantitation in experiments iﬁ the thermal
rearrangement of this ester, it was found that the gas chromatogr;'zlph with a flame
ionisation detector required shofter sampling time and was equally reproducible, n = 3.
The RSD for the standards varied from 6.8% - 9.2%. The molar concentration of the

compounds in the standard which is made up in CH,CI; were as in table 42.

The peak areas of phenol and phenyl N,N-dimethylsulfamate were ratioed to the peak
area of n-tetradecane while the peak area of both sulfonamides were quantified by

ratioing to the peak area of n-octadecane.
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Molar concentration of standards for quantitative analysis of the microwave irradiated thia-Fries

rearrangement of phenyl N,N-dimethylsulfamate

Table 42
3 i 3 4-Hydroxyphenyl
Compounds Phenol ._.m»_.muwnnso Ea_um_ﬁ.mﬂ_w_:#hsmﬁm &M‘_M«_ﬁmnﬂwrwﬂ“nm. Ooamnﬁnu:m N.N-
: dimethylsulfonamide
> Molar

Jconconttion  0-00114 0.00021 0.00108 0.00055 - 0.00087 0.00181
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For each expenment 250 mg of ester (195) with an equxvalent of A1C13, was mlxed
thouroughly and placed in a 25 ml quartz round bottom flask: The flask was supported in
a quartz 50 ml beaker and centred on the microwave turntable. The sample was then
irradiated for the required time and the reaction was.immediately quenched with 3 }nl of
1 molar HCI and made up to 100 ml with CH,Cl, Each sample was analysed three times
by the GC-FID-and the RS‘D‘ Varied‘from a low (;f 2.8%toa high of 19.3% over the total

range of samples.

For the nominal setting of 160 watts, i.e. calculated output of 122 watts, 12 samples were
irradiated and rearranged. The times of the irradiation varied from 2 mins. to 30 mins. On
analysis, the total of the product compounds varied between 82% and 109% while the
total of the rearranged compounds, the 2- and 4-hydroxy MN—dimethylsulfqnamides,
varied between 63% and 93%. There was beﬁveen 16% and 25% of the starting ester

phenyl MN—dimethylsulfamate and every reaction showed some phenol.

For the nominal setting of 350 watts, i.e. calculated output of 273 watts, 12 samples were
irradiated and rearranged. The times of the irradiation varied from 2 mins. to 30 mins. On
analysis, the total of the product compounds varied between 86% and 108% while the
total of the rearranged compounds, the 2- and 4- -hydroxy N N- d1methylsulfonam1des :
‘varled between 60% and 88%. There was betwcen 14% and 25% of the starting ester

phenyl MN—dlmethylsulfamate‘and every reaction showed some phenol.
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“For fﬁe'honiinéflmséttir‘lg of 500 wrattrs,‘ i.‘é.»créiicrﬁlé‘tt»ed output of367 wa&s, 9 samples were
irradiated and rearranged, The times of the ir'adi"tion-varied from 1 miﬁs. to 12 mins. On
analysis, the. total of the product compounds varied between 81% and 102% while the
total of the rearranged compounds, the 2- and 4-hydroxy N,N-dimethylisulfonamides,
varied between 61% and 82%. There was between 7% and 29% of the -starting ester

phen_yl J\/,N—dimethylsulfamate and every reaction showed some phenol.

For the nominal setting of 750 watts, i.e. caiculated output .of 582 watts, 9 samples were
irradiated and rearranged. The times of the irradiation varied from 0.5 mins. to 10 mins,
On analysis, the total of the product compounds varied between 68% and 103% while the
total of the rearranged compounds, the 2- and 4-hydroxy N, N-dimethylsulfonamides,
varied between 46% and 79%. There was between 12% and 24% of the starting ester

phenyl N, N-dimethylsulfamate and every reaction showed some phenol.
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RESULTS AND DISCUSSION

The instrument used to irradiate and rearrange th-e phenyl MN—dimethylsulfamate is a
Whirlpool microwave oven with a tumtable, model 11_, IQWH with a 2450 + 50 MHz
tube (magnetion). The calibration of the oven showed very good reproducibility both in
results for each power settings and also the relationship of nominal setting to the output
' found, which wae betweee a 20% anei a 25% reduction. For the calibration of microwave
ovens it is recommended to use 1000 g of water but in this case varying amounts of

-

standard were used and they all gave reproduciblé results.

When microwaves enter a cavity, they are reflected by the walls. The reflection of the
waves eventually creates a three dimensional stationary pattern of standing waves within
the cavity, called modes. The cavity in a microwave oven is designed to have typically
three to six different modes intended to provide a uniform heating pattem for general
food items. Despite bemg a good solution for these purposes, the use of the multi-mode
technique will prov1de a field pattem with areas of high and low field strength,
commonly referred to as “hot and cold spots”. The net result 1s that the heatmg efficiency.
can vary dramatically between different positions of the load. When small samples are
been irradi_ated,"as.in this case, no matter how carefully they are placed in the centre of .
the turetable there is no guarantee that they not by affected by a “celd spot”. Considering

all of these drawbacks, every sample introduced into the instrument, rearranged.
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TIME
(min)

2.00
4.00
6.00
8.00
10.00'
12.00
14.00
16.00,
18.00
) 20.00
| 25.00
130.00

Phenol %

240
4.30
3.80
3.20
410
3.90
3.70
4.50
3.80
4.10
470
4.60

v

Phenyl N,N-
dimethylsulfamate

%

24.30
19.40
18.90
21.30
24.80
19.40
15.70
25.60
21.40
18.70
19.30
22.30

Nominal setting of 160 Watt, calculated output 122 Watt

N,N-
%

40.20
36.80
4420
39.30
37.70
48.60
31.80
34.10
35.40
42.50
40.10
41.20

Table 43

2-Hydroxyphenyl
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4-Hydroxyphenyl

N,N-

dimethylsulfonamide dimethylsuifonamide

%

26.10
34.40
34.30
32.50
32.20
44.20
30.90
30.20
32.80
43.80
39.30
46.80

Total %

93.00
94.90
101.20
96.30
98.80
116.10
82.10
94.40
893.40
109.10
103.20
114.90

% Rearranged

66.30
71.20
78.50
71.80
69.90
92.80
62.70
64.30
68.20
86.30
79.40
88.00

O/P Ratio

1.54
1.07
1.29
1.21
1.17
1.10
1.03
1.13
1.08
0.97
1.02
0.88




Nominal setting 350 Watt, calculated output 273 Watt

. Table 44 .
TIME. | . Phenyl N,N- N-I«Qquv“«.v:mai A.I<9.M%«.u=m:<_ : |
(min} Phenol % n_3¢=.<_..w:=m3m~m E.:m:.imr lfonamide dimethyl mr_.n onamide Total % % Rearranged O/P Ratio
° % %

2.00: 460 21.80 35.60 24.60 86.60 60.20 1.45

4.00 3.80 17.90 38.30 30.60 90.60 68.90 1.25

6.00 5.10 . 2220 v 37.90 . 31.90 97.10 69.80 1.19

8000 470 18.20 37.50 27.70 - 88.10 65.20 1.35
10.00 4.20 21.70 42.70 35.60 104.20 78.30 1.20
| 12.00 5.40 : 2410 .35.90 33.30 98.70 . 69.20 1.08

‘_Poow 3.80 19.80 42.70 34.40 100.60 77.10 1.24

16.00 3.90 14.90 41.30 , 40.00 100.10 81.30 1.03

18.00 A;o . 22.10 . 36.90 42.00 105.10 78.90 0.88

20.00. 2.70 21.30 32.70 5120 - 107.90 83.90 0.64

25.000 = 430 18.30 33.30 54.50 110.40 87.80 0.61

30.00, 3.30 14.10 33.90 47.80 99.20 81.70 0.71
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Nominal setting 500 Watt, calculated output 367 Watt
Table 45
: TME . . Phenyl N,N- N-_._Eﬂﬂ\.v:o:_\_ A-IE_N&._HEQS\_ a a | .
i (min) Phenol % a.3m5<_..w:=m=_m$ dimethylsuifonamide dimethylsulfonamide Total % b Rearranged  O/P Ratio
J , ¢ % %
1.00 3.60 , ~ 28.60 34.00 2910 95.30 63.10 117
2.00 420 19.20 32.30 29.10 84.80 61.40 1.11
3.00 2.90 A 9.80 37.20 31.30 81.20 68.50 119
| 4.00 4.10 6.90 39.20 : 42.10 92.30 81.30 0.93
5.00 4.80 12.70 36.20 , 38.60 92.30 74.80 0.94
6.00, 3.70 15.50 38.20 43.50 100.90 81.70 0.88
8.00. 5.20 16.10 35.40 44.90 : 101.60 80.30 0.79
SS 4.60 14.80 20.70 51.80 91,90 72.50 0.40
1 12.00 4.30 22.30 24.80 ' 46.00 95.40 70.80 0.54
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Nominal setting 750 Watt, calculated output 582 Watt

Table 46

2-Hydroxyphenyl 4-Hydroxyphenyl

; _ Phenyl N,N- N,N- N,N- o % .
TIME (min) Phenol % n_amﬁg_eM::m:._mﬁm amaoﬁs_\_mr_*o:m-:_nm &.:mﬂg_wr:o:maam Total % Rearranged O/P Ratio
% % ‘

.o.wc 5.20 | 23.60 13.20 59.80 101.80 73.00 0.22
1.00 4.80 190 37.00 . 31.20 84.90 68.20 1.19
2.00 3.00 14.30 49.10 3020 8.% 79.30 1.63
a.owo 4.20 18.10 47.30 - 33.30 _ 102.90 80.60 1.42
4.00 3.80 21.70 38.80 30.80 95.10 69.60 1.26
5.00 5.60 16.60 44.90 31.60 98.70 76.50 1.42
6.00 6.10 - 12.90 41.30 . 35.30 91.60 76.60 1.17
8.00 5.80 17.30 32.70 35.40 91.20 68.10 0.92
10.00 4.30 17.60 18.20 27.50 . 67.60 45.70 0.66
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~Microwave-activation=as~a-noi=coiveiiional-cnergy ~source “Has-become™a "varied afnd "
_ USe_fl-%l_ tecl_u_lol_og'g in organic chemistry. The number of annual publications on
microwave assisted organic reactions is growing rapidly, with more than one thousands
reports in print since the pioneering work by Gedye et al °* in 1986. Since this time the
main debate has dealt with the question' of what actually alters the outcome of the
reaction. Is it merely the effeclt,of the thermal heat generated by the microwaves or is it-
an effect specific for microwave heating? In-order to be able to make this distinction, the
term “specific microwave‘ effect” should be defined. Historically, “specific microwave
effect” has been claimed, when the outcome of a synthesis or reaction, performed using
microwave irradiation, differs from its thermally heated counterpart. The main advantage

of using microwave assisted organic synthesis is the shorter reaction times.

Microwave effects are most likely to be observed in solvent-freé reactions which can be
grouped according to the three following methods: (a) reactions between the neat
reagents in quasi-equivalent amounts, requiring preferable at least one liquid phase in
heterogeneous media and leading to interfacial reactions;'® (b)_sdlid—liquid phase transfer
catalyst (PTC) conditions, in the case of anionic reactions using the liquid electrophile as
both reactant and organic phase, and (c} reactions using impregnated reagents on solid
miqéral supports (alumina’s, silica’s and clays) in dry media. These procedures 6ouplcd :

with microwave activation have proven beneficial and have led to a lot of success.

- 206 -




" CONTary to the above, the absence of microwave effect can result from at least three

o

_ different origins: (a) a similar. polarity of the transition state (TS) when compared io the

3
ground state (GS). (b) A very early transition state along the reaction coordinates which

cannot allow the development of polarity between fhe GS and the TS. This will occur

when the reactions only require classical mild conditions. Slight differences can appear

when performing the reaction in'the presence of a solvent, due to a superheating effect, if

no stirring is carried out, and, (c) a too high temperature level, which may produce good

yields in short reaction times under conventional heating. In order to find evidence of.

‘specific microwave effect’, it is necessary to reduce the temperature under conventional
conditions in order to start from rather a poor yield ~30-40%, to appreciate microwave
activation. These cases have been revealed in some studies where a microwave effect
appeared at relatively low temperatures but are masked at higher temperatures where

yields of conventionally heated reactions are elevated.

Itis impossible- to obtain information on a specific microwave effect from the results of
the current rearrangements carried out, but one would assume that it was solely thermal
effects which gave the rearranged products. An attempt to find any relationship between
the experiment at the various power settings are set out below (tables 47) and again it is

very difficult to find anything that one could claim as a connection.
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Table 47

Nominal Setting (Watts)
160.00 350.00 -
Calculated Output (Watts)
12200 ' , 273.00
O/P Ratio of 2- and O/P Ratio of 2- and
Time 4-hydroxyphenyl Time X 4-hydroxyphenyl Time X
(min) N,N- Power N,N- Power
dimethylsulfonamide dimethylsulfonamide
Watts min™ Watts min”'

0.50

1.00

2.00 _ 1.54 244 .00 145 546.00
3.00

4.00 1.07 488.00 1.25 1092.00
5.00

6.00 1.29 _ 732.00 1.19 1638.00
8.00 1.21 976.00 1.35 2184.00
10.00 117 1220.00 1.20 2730.00
12.00 1.10 1444 .00 1.08 3276.00
14.00 1.03 1708:00 1.24 3822.00
16.00 1.13 - 1952.00 1.03 4368.00
18.00 1.08 2196.00 0.88 4914.00
20.00 0.97 2440.00 0.64 5460.00
25.00 1.02 3050.00 0.61 6825.00
30.00 0.88 3660.00 ’ 0.71 8190.00
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.....

‘THIA-PHOTO-FRIES REARRANGEMENT
INTRODUCTION

Many of the feactions carried out in the organic chemistry laboratory take place between
molecules all of which are in their ground electronic states. Tn a photochemical reaction,
however, a reacting molecule has been previously promoted by absorption of light to an
electronically excited state. A molecule in an excited state ﬁust lose its extra energy in
some manner, it cannot remain in the excited condition for long. A chemical reacti(_m is

one but not the only method of relinquishing this extra energy™.

Electrons can move from the ground-state energy level of a molecule to a higher leve.l
(ie. an unoccupied orbital of higher power) if outside excitation takes place. In a
photochemical process the energy is in the form of light. Light éf any wavelength has
associated with it an energy value given by £ = hv where v is the frequency of light (v =
the velocity of light divided by the wavelezfgth A) and h is Planck’s constant. Since the
energy levels of a molecule are quantised, the amount of energy require to raise an
\electroﬁ in a given molecule from one level to a higher one is a fixed quantity. Only light
with exactly the frequency corresponding to this amoun‘t of energy will cause the electron
to move fo the higher level, i.e. the ener@ will l;e used by the molecule for electron
promotion and the light that feaves the sample will be dimini’shed_ in intensity or

completely absorbed.
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“WHeii 2 molecule absorbs a quantum of light, it is promoted fo an excited state and
_because the energy. of visible and UV light is of the same order of magnitude as that of
covalent bonds there is the possibility that the molecule may cleave into two parts, a

process known as photolysis.

Typical energies for some covalent single bonds and the corresponding wavelengths
Table 48
E

Bond Bond Energy (kJ/mol) Wavelength (nm)

C-H 397 300
c-0 368 325
c-C 347 345
CI-Cl 243 495
0-0 146 820

There-are two types of excited molecules called species, a singlet and a triplet, both of
which can undergo chemical reaction but it is much more common for tripléts because
they have a longer lifetime. Excited singlet species generally have a lifetime of less than
1\'10 sec, and undergo a physical process such as fluorescence or even phosphorescence as
they go from an excited state to a ground state, before they have a chance to react
chemicall_y. Photochemistry is therefore largely the .chemistry of triplet states'®” and the
possible chemical pathways that may be taken by an excited molecule include: simple
cleavage into radicals, decomposition into molecules, intramolecular rearrangement,
, intermolecular  rearrangement, photoisomerisation, hydrogen atom abstracﬁon,

photodimerisatior and photosensitisation.
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~~EXPERIMENTAT ™

The reactor used for these experiments was an enclosed round PVC container 150 mm in
diameter and about 220 mm high. This was capped on top with a heavy-duty blanking-
cap into which four holes were bor;:d, one in the centre for the 200 mm quartz narrow-
necked test tube (the reaction vessel) and three at equidistant around this for the UV

lamps. All the inside of this assembly was lined with reflective aluminium foil (hg. l’i)

The lamps used were Ace Glass Inc. UV quartz 12 watt low pressure and the power

supply was a UV low pressure power supply 12 watt all from the same supplier.

200 mm Quartz narrow-necked test tube

UV Quartz 12 watt
L.P. lamps

Fig. 17
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“Phenyi N, N-dimethyisulfamate (195), 200 mg in 50 m] hexane *Was"'éxbésé}i—té ‘the three
_lamps. clamped on a-,retort stand (before the reactor was made)._fi“he lamps were placed
above the solution which was in an’open vessel. The whole assémble was covered for
safety. No rearrangement products, 2- or 4-hydroxyphenyl N,N-dimethylsulfonamide
could be identified after one hour 6f irradiation. The quantity of ester was reduced and a

number of other unidentified peaks were on the-chromatograph. Qualitative analysis was

by GC-MS.

For the second experiment the solvent was changed to CH,Cl, dichloromethane. 100 mg

in 25 ml was subjected to the UV irradiation. Samples were analysed at 30, 60, 90 and

120 minutes but no rearranged compound could be identified and the quantity of the

starting ester reduced with time. Other unknown compounds were detected by GC-MS.

A third attempt was made, still under the initial conditions, but this time acetonitrile was
_the solvent used. Sampling of the reaction mixture took place every 30 minutes, up to
four hours by which time the starting ester had disappearedt Neither of the rearrangement
products was identified and agéin, there were many unknowns as analysed on the‘ GC-
MS, which presumably were from the breakdown of the ester.
_ -

When the above reactor was commissioned, a new set of experiments was carried oﬁt.
100 mg of the ester, phenyl N N-dimethylsuifamate in 10 ml .of methanol, which wa.s
degassed by bubbling N, through the solution, was placed in a quartz test tube, the

. reaction vessel. This was irradiated by the three lamps for one hour and a minute amount
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"ot 2 Hydroxyphenyl N, N-dimethylsulfonamide was identified, < 0.1%. There was no

quantitative. analysis. carried but based. on. the known peak areas of the sulfamates and -

sulfonamides for the instrument, the GC-MS, the estimate is quite accurate.

Under the same conditions but with CH,Cl, as solvent, this compound rearranged to the

same degree. In both of these experiments there was considerable breakdown of the _

starting ester to unidentifiable compounds.

1 mmol of phenyl N,N-dimethylsulfamate was slurried with 1 equiv. of B cyclodextrin
(1.135 g) in HyO and the mixture was stirred for 18 hours. This mixture was then filtered,

washed with 10 ml diethyl ether and dried. The reactant was irradiated by the three UV

lamps in the dry form in the reaction vessel. Four samples were irradiated for varying

lengths of time as in table 50.

After the irradiation the reaction mixture was extracted with three 20 ml aliquots of
CHyCl, gnd initial analysis was by GC-MS. This identified the sulfonamides and many
unknown compounds. A quantitativeianalysis was carried out by GC-FID using the
standards discussed previously. |

Table 49

. 2-
4-
Phenyl Hydrox
Hydrox
NN- - yphenyl heynyl Nyls-
Compounds  Phenol Cc14 Dimeth N,N- c18 ¢

i dimethyls
ylsulfa dimethy !
mate Isulfona ulfor;am:d

mide

Molar
Concentration 0.00114 0.00021. 0.00108 0.00055 0.00087 0.00181
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Ti_me ’ San_lple 2-Hydr;);¥-phenyl 4-Hydr’<\>’)?’(-phenyl Starting
‘"""5'? Weight  jimethylsulfonamide dimethylsulfonamide ~ ESte'
30  210mg £0.1% Not Detected. =80% .
60 214 mg <1% Not Detected = 75%
120 195 mg =2-3% £01% = 58%
180 223 mg =5-7% 1% - =32%

4-Fluorophenyl N,N-dimethylsulfamate (196) was irradiated in the reactor, first in
CH,Cl; and then in methanol at 100 mg in 10 ml solvent. Irradiation time in both cases
was 30 mins and analysis was carried out by GC-MS. No rearranged product was

identified but again a number of unknowns showed peaks on the chi'omatograph.

- UV irradiation of 4-chlorophenyl N, N-dimethylsulfamate {197) and of 4-bromophenyl
N, N-dimethylsulfamate (198) in both CH,Cl, and methanol, (100 mg in 10 ml 7solvent)v
were carried out in the reactor, but without any rearrangement taking pléce. Again there
was breakdown of the starting ester and the dichloromethane possible formed '

tetrachloroethane.
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Phenyi suifamate (185); 4-fitioropienyistifamate (136); 4-Chilorophenyisuifamate (187) "
_and 2,6-difluorophenylsulfamete (192) were all irradiate in the UV reactor in methano] .
and with the B cyclodextrin without any success. For this series of compounds the

‘starting ester appeared to break down very easily.
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The thia-photo-Fries rearrangement reactions which were carried out yielded little

informative data but scope for further investigation is obvious.

The one method that showed any promise was adapted from a publication by Pitchumani
et al."® wherein they state that “cyclodextrin complexation shows remarkable selectivity
in the photo-Fries rearrangement of sulfonate esters and sulfonanilide and that an
impressive regioselectivity is observed with meta-substituted sulfonate esters.” The
results, they claim are explained on the basis of selective modes of complexation of the

substrate within the cyclodextrin cavity (schemes 105 and 106).

The striking feature of cyclodextrin complexation is its ability to exert geometric control
over the traffic of the entrapped molecular species resulting in selectivity in a variety of
thermél and photo-cheﬁical reactions. Cyclodextrin is a naturally occurring sﬁgar
produced from starch by an enzyme. There are three forms found in nature, alpha, beta
and gamma and they differ structuraily by containing 6, 7 or 8 D-glucopyranosy! units. §
CD has the correct size of cavity to suit the molecules which a;re used in these

experiments (scheme 107).
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‘Scheme 107
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“Sonochemistry

Sonochemistry is chemistry ~assisted / enhanced by ultrasound This means that chemicat
reactions which take place under more conventiqnal conditions are accelerated , or even
yield totally different products. .The reason for tﬁis can be due to either physical or
chemical -effects of cavitation. The physical effects can-enhance ‘the reactivity of a '
catalyst by enlarging the surface area, or accelerate a reaction by proper mixing of
reagents. The chemical effects of ultrasound enhance reaction rates because of the

formation of highly reactive radical species formed during cavitation.

Sonochemistry is being mentioned at this stage as it is envisaged that, although
preliminary attempts were unsuccessful this technique may have scope for future work.
- There is only one instance in the literature of ultrasound being of possible assistance to

the Fries rearrangement'”.

They state that the bulk -electrolysis of [3-(3,4-
dichlorophenyl)-1,1-dimethyl urea] was carried out at a glassy carbon anode with
ultrasound used to avoid a total blockage of the electrode surface by a passivating film.
This oxidation of diuron gave one major product, a dimmer, and 2 other compounds
which are suggested to originate from an intramolecular Fries rearrangement of the first.
They continue by saﬁng that the rearrangement would occur at the positively charged
electrode surface which would be facilitated by the ultrasound maintaining the electrode

surface free of film. Although assisting, the reaction is not a sonochemical

rearrangement.
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~_AlClzina S\O,er_B_Vﬂask. This was placed in an active sonic bath for in total of about 6.
hr. Sampling and analysis were carried out every 20 min as the sonic bath was re-set. No
rearrangement or even breakdown of the ester could be detected by GC-MS. It is
believed that this instrument is not sufficiently powerful to create the cavitation to

instigate the rearrangement.
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