
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Sulfur Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926081

The synthesis of 1,2,5-benzothiadiazepine 1,1-dioxides from 1,2-thiazine 1-
oxides
C. Loukouab; N. Patela; V. Foucherc; K. Hemminga

a Department of Chemical and Biological Sciences, University of Huddersfield, UK b Department of
Chemistry, University College Dublin, Dublin 4, Ireland c Département Chimie, I.U.T de Poitiers,
France

To cite this Article Loukou, C. , Patel, N. , Foucher, V. and Hemming, K.(2005) 'The synthesis of 1,2,5-benzothiadiazepine
1,1-dioxides from 1,2-thiazine 1-oxides', Journal of Sulfur Chemistry, 26: 6, 455 — 479
To link to this Article: DOI: 10.1080/17415990500473827
URL: http://dx.doi.org/10.1080/17415990500473827

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926081
http://dx.doi.org/10.1080/17415990500473827
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Sulfur Chemistry
Vol. 26, No. 6, December 2005, 455–479

RESEARCH ARTICLE

The synthesis of 1,2,5-benzothiadiazepine 1,1-dioxides from
1,2-thiazine 1-oxides

C. LOUKOU†‡, N. PATEL†, V. FOUCHER§ and K. HEMMING†*

†Department of Chemical and Biological Sciences, University of Huddersfield,
Huddersfield, West Yorkshire, HD1 3DH, UK

‡Department of Chemistry, University College Dublin, Belfield, Dublin 4, Ireland
§Département Chimie, I.U.T de Poitiers, 6 allée Jean Monnet, 86010 Poitiers cedex, France

(Received 12 September 2005; in final form 14 November 2005)

This paper presents a new approach to the synthesis of 1,2,5-benzothiadiazepine 1,1-dioxides,
sulfonamide analogues of the ‘privileged’ 1,4-benzodiazepine pharmacophore. The key steps during
this synthesis are the hetero Diels-Alder reaction of an N -sulfinylamine dienophile with a diene to give
a 1,2-thiazine 1-oxide which is then converted into a N -(o-azidobenzenesulfonyl)-1,2-amino alcohol
via a [2, 3]-sigmatropic rearrangement involving an intermediate allylic sulfoxide and sulfenate ester.
Staudinger reaction of the o-azido group and hydrolysis of the intermediate iminophosphorane gave
the corresponding N -(o-aminobenzenesulfonyl)-1,2-amino alcohols. Fmoc protection at nitrogen,
oxidation of the alcohol, and Fmoc deprotection furnished directly the 1,2,5-benzothiadiazepine
1,1-dioxides in 57–69% yield. An alternative method which uses triazene chemistry is also pre-
sented, but was consistently lower yielding. A second route to 1,2,5-benzothiadiazepine 1,1-dioxides
using 2-nitrobenzenesulfonamide as the dienophile precursor proceeded without incident to give
N -(o-nitrobenzenesulfonyl)-1,2-amino ketones which underwent reductive cyclisation to furnish the
target heterocycle.

Keywords: Azide; 1,2-Thiazine 1-oxide; Benzodiazepine; Benzothiadiazepine; Allylic sulfoxide;
N -sulfinylamine

1. Introduction

The synthesis and biological applications of the 1,4-benzodiazepine pharmacophore 1 continue
to attract considerable attention in the literature [1–8]. The related 1,2,5-benzothiadiazepine
1,1-dioxides 2, however, have been subject to much less scrutiny [9–12]. Early interest in
1,2,5-benzothiadiazepine 1,1-dioxides was inspired by their potential use as CNS active com-
pounds [13–14]. More recently it has been shown that, whilst 1,2,5-benzothiadiazepines
continue to attract attention as CNS active antidepressives [15–17], they have also exhib-
ited activity as antiarrhythmic agents [18], as inhibitors of metalloproteinase and farnesyl
protein transferases [19–21], and as potent tumour necrosis factor-α (TNF-α) converting
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456 C. Loukou et al.

enzyme (TACE) inhibitors [22]. Tricyclic 1,2,5-benzothiadiazepines have attracted partic-
ular attention as non-nucleosidic reverse transcriptase inhibitors (NNRTIs) [23–28], a class of
compounds that includes the pyrrolo fused system 3 [23–25] and other tricycles such as the
heterocycle system 4, where the latter is the sulfonamide analogue of the well known class of
NNRTIs that includes the clinically used nevirapine [26–28]. Benzothiadiazepine analogues 5
of the anti-HIV drug TIBO with specific anti-HIV type 1 activity have also been reported [29]
(figure 1). Finally, it is of note that the pyrrolo fused 1,2,5-benzothiadiazepines 3 have also
attracted attention [30–32] as sulfonamide analogues of the minor groove DNA-interactive
antitumour antibiotic natural and synthetic pyrrolobenzodiazepines [33].

The synthetic routes to the 1,2,5-benzothiadiazepine 1,1-dioxide nucleus include
many approaches to the pyrrolobenzothiadiazepines 3 which proceed via 3,4- or 4,5-
bond formation of the 1,2,5-benzothiadiazepine ring. These include reductive cycli-
sation of (2-nitrobenzenesulfonyl)-1H -pyrrole derivatives [23, 34], the cyclisation of
1-(2-formamidobenzenesulfonyl)pyrrole with phosphorus oxychloride [30, 34], the reac-
tion of 2-(1H -pyrrol-1-yl)benzenesulfonamide with triphosgene [35, 36], the cyclisation of
1-(2-amino-5-chlorobenzenesulfonyl)pyrrole-2-carbohydrazide with loss of hydrazine [37],
the cyclisation of 1-(2-fluorobenzenesulfonyl)-1H -pyrrole-2-carboxyamides [23], and the
reaction of 1-(2-aminobenzenesulfonyl)pyrrole with ethyl glyoxylate [14]. Approaches to
simple bicyclic 1,2,5-benzothiadiazepine 1,1-dioxides 2 include synthesis by ring expansion
of 1,2,4-benzothiadiazines [38], 1,2-bond formation by intramolecular sulfonamide forma-
tion [39, 40], and 2,3-bond formation by intramolecular elimination of ethanol from N-β,
β-diethoxyethyl-N -alkylanilines [41]. 4,5-Bond formation is a common approach to this sys-
tem, and has been achieved by cyclisation of 2-(2-aminobenzenesulfonamido) propanoic acid
[25]; by reductive cyclisation of 2-nitro-ω-phenacylbenzenesulfonamide [42]; by the use of
2-N -[(2-aminobenzenesulfonyl)methylamino]acrylate in an intramolecular Michael reaction
[43]; via the use of an intramolecular aza-Wittig reaction [44]; via the ozonolysis and sub-
sequent ring closure of N -(2-nitrobenzenesulfonyl) N -allylic systems [22]; and from the
cyclisation of N -(2-aminobenzenesulfonyl) N -ethylbromo systems [22]. 5,6-Bond formation
by intramolecular SNAr reaction has also been reported [23].

In the current paper, we report a new approach to the 1,2,5-benzothiadiazepine 1,1-dioxide
nucleus that begins with a 1,3-diene. Our methodology is the only route that allows this
important heterocyclic system to be accessed from dienes, and also provides access to hitherto
unreported 1,2,5-benzothiadiazepines.

As part of an ongoing programme of work directed towards the use of 1,2-thiazine
1-oxides as building blocks in heterocyclic synthesis, we have already reported routes to
1,4-benzodiazepines [7, 44] and isoxazolo-fused benzothiazines [45]. Herein we report the
conversion of 1,2-thiazine 1-oxides into a series of 1,2,5-benzothiadiazepine 1,1-dioxides.
Our original plan is shown in scheme 1. Hence, the 1,2-thiazine 1-oxides 8 (X = synthetic
equivalent of NH2) that are central to our methodology would be accessible from a hetero-
Diels-Alder reaction involving the N -sulfinylamine dienophiles 7 which are in turn easily

Figure 1. Examples of some important benzothiadiazepines.
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SCHEME 1 Planned route to 1,2,5-benzothiadiazepines.

available from the action of thionyl chloride upon the benzenesulfonamides 6. Subsequent ring
opening of the 1,2-thiazine 1-oxides 8 would give an allylic sulfoxide 9 which is ideally set up
for a [2, 3]-sigmatropic, Evans-Mislow, rearrangement [46–53]. Desulfurisation of the resul-
tant sulfenate ester 10 and oxidation of the alcohol 11 should then form the ketone 12, which
is the precursor for an envisaged straightforward cyclisation into the 1,2,5-benzothiadiazepine
nucleus 2. We present the results of this endeavour herein and report the successful syn-
thesis of the alcohols 11 (X = NH2; R3, R4, R5 = Me/H) from 2-aminobenzenesulfonamide
(6, X = NH2) via selective functionalization of the sulfonamide nitrogen in 58 to 63% overall
yield. The successful conversion of the alcohols 11 (X = NH2; R3, R4, R5 = Me/H) into the
1,2,5-benzothiadiazepine 1,1-dioxide nucleus is also discussed. This paper also presents a
concise second route to the 1,2,5-benzothiadiazepine 1,1-dioxide nucleus which relies upon
the conversion of 2-nitrobenzenesulfonamide (6, X = NO2) into 1,2,5-benzothiadiazepine
1,1-dioxides via alcohols 11 (X = NO2; R3, R4, R5 = Me/H) using a similar strategy.

2. Results and discussion

The N -sulfinyl group that we required as the dienophile is best accessed via sulfinylation
[48–53] of the corresponding sulfonamide. We observed that the greater reactivity of the
2-amino nitrogen of 2-aminobenzenesulfonamide (6, X = NH2; scheme 2) towards thionyl
chloride precluded reaction at the sulfonamide nitrogen in 2-aminobenzenesulfonamide. We
elected, therefore, to diazotise the 2-amino nitrogen and convert it into an azide, with a view
to the subsequent conversion of the azide back into an amine at a later stage in the syn-
thesis. Thus, diazotisation of 2-aminobenzenesulfonamide 6 under standard conditions (5M
HCl, NaNO2, 0 ◦C) followed by reaction with sodium azide gave a reproducible 90% yield of
2-azidobenzenesulfonamide 13, as shown in scheme 2. Reaction of compound 13 with thionyl
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SCHEME 2 Synthesis of key intermediate 18 via a triazene. Reaction conditions:
(i) HCl(aq.), NaNO2, 0 ◦C; NaN3. (ii) SOCl2 (1.5 equiv.), benzene, reflux, 72 hours; or SOCl2,
pyridine, THF, room temperature, 3–4 hours. (iii) R3CH=CH-CR4=CHR5, THF, 25 ◦C,
16 hours. (iv) PhMgBr (2 equiv.), THF, −40 ◦C, 2 hours; NH4Cl(aq.). (v) piperidine (5 equiv.),
anhydrous MeOH, 60 ◦C, 12 hours (inert atmosphere) [54–56]. (vi) MeOH (wet), reflux,
5 hours (open air).

chloride gave the N -sulfinyl dienophile 14 which was noted to be unstable upon exposure to
the moisture in air, and was hence generated and used in situ. Hetero Diels-Alder reaction [48–
53] of the N -sulfinyl dienophile 14 gave the 2-(o-azidobenzenesulfonyl)-1,2-thiazine 1-oxides
15a-c in ∼80% yield from compound 13 (see table 1) after chromatography. Compound 15c
was isolated as a single diastereoisomer with “cis” R3/R5 stereochemistry in line with that
expected from the (E, E)-diene that was used. The stereochemistry at sulfur was not deter-
mined due to the fact that this chiral centre was soon to be lost (see below). The treatment
of 2-(o-azidobenzenesulfonyl)-1,2-thiazine 1-oxides 15 with an excess of PhMgBr followed
by aqueous work-up, and then [2,3]-sigmatropic rearrangement/piperidine mediated desul-
furisation [54–56] of the intermediate allylic sulfoxides 16 (scheme 2) gave the (1,3-diaryl
triazenyl) allylic alcohols 17 in 59–67% yield starting from the 1,2-thiazine 1-oxides 15 (see
table 1). The triazene moiety arises as the result of the ring opening of the thiazine 1-oxide
with PhMgBr accompanied by the expected [57] reaction of PhMgBr at the azide group to
form the triazene. The treatment of the triazenes 17 with boiling aqueous methanol gave the
corresponding amines 18 in 60 to 70% yield, a hydrolysis of triazenes which has parallels in
the literature [58–61].

The relative stereochemistry of compounds 17c and 18c (R3 = Me) was not determined as,
at the next stage, the alcohol chiral centre was to be oxidised. It is of interest to note, however,
that others have reported that such reactions proceed with a high degree of stereoselectivity
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Table 1. % Yields for isolated, purified products.

% yield % yield % yield % yield
15 (scheme 2) 17 (scheme 2) 21 (scheme 3) 18 (scheme 3)

Entry R3 R4 R5 (from 13) (from 15) (from 15) (from 21)

a H H H 82 67 99 86
b H Me H 78 64 >99 89
c Me H Me 80 59 >99 82

when performed with other substrates [48, 49, 51–53], a point reflected by the fact that we
found compounds 17c and 18c to be single diastereoisomers. In the one situation where it is
appropriate, i.e. also for compounds 17c and 18c (R4 = H, R5 = Me), the alkene geometry
was found to be (E). This can be explained by invoking a 5-membered ring envelope transition
state for the [2, 3]-sigmatropic rearrangement, in which the methyl group that occupies position
6 (see figure 2) in the allylic sulfoxide 16c is in a pseudo-equatorial position leading to
(E)-alkene geometry in the intermediate sulfenate ester 19, geometry which is carried through
to compounds 17c and 18c.

Using the procedure shown in scheme 2, the highest overall yield that was obtained for
compound 18 was that for 18a (R3 = R4 = R5 = H), which was obtained in only 34% yield
from 2-aminobenzenesulfonamide 6. An improved procedure for the conversion of the 2-
(o-azidobenzenesulfonyl)-1,2-thiazine 1-oxides 15 into the desired amines 18 was therefore
sought.

Our improved procedure is set out in scheme 3. The reaction of the azide group in compounds
15 with triphenylphosphine resulted in a quantitative Staudinger reaction [62] to give the
iminophosphoranes 20. The in situ hydrolysis [63–66] of the iminophosphoranes 20 with
wet THF at reflux gave the 2-(o-aminobenzenesulfonyl)-1,2-thiazine 1-oxides 21a–c in near
quantitative yields from the azides 15 (see table 1) after column chromatographic removal
of triphenylphosphine oxide. It is noteworthy that these hydrolytic conditions were selective
for the iminophosphorane group, and that no competing hydrolysis (see later – scheme 6)
of the 1,2-thiazine 1-oxide rings was observed. In the next step, ring opening of the thiazine
1-oxides 21 with PhMgBr gave the phenyl allylic sulfoxides 22. Conversion of the crude
phenyl allylic sulfoxides 22 into the desired N -(o-aminobenzenesulfonyl)-1,2-vicinal amino
alcohols 18 was best achieved by treatment with hot methanolic trimethyl phosphite, a process
which occurs via a [2, 3]-sigmatropic rearrangement to give the intermediate sulfenate esters

Figure 2. Origin of (E)-alkene geometry.
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460 C. Loukou et al.

SCHEME 3 Synthesis of key intermediate 18 using iminophosphoranes. Reaction condi-
tions: (i) PPh3 (1 equiv.), THF, 25 ◦C, 3–4 hours (inert atmosphere), then H2O (8 equiv.), THF,
reflux, 15–20 hours (open air). (ii) PhMgBr (2 equiv.), THF, −40 ◦C, 2 hours; NH4Cl(aq.).
(iii) P(OMe)3, MeOH, 60 ◦C, 10–15 hours.

23, which then undergo desulfurisation with the trimethyl phosphite [46–53]. Products 18a–c
were obtained in 82–89% yield from the 2-(o-aminobenzenesulfonyl)-1,2-thiazine 1-oxides
21 (see table 1). The next step in the sequence was to be an alcohol oxidation, and hence the
relative stereochemistry of the two chiral centres in compound 18c (R4 = H, R5 = R3 = Me)
was not determined, but it was again noted (see above) to be a single diastereoisomer, as
expected [48, 49, 51–53]. Compound 18c was also noted to have (E)-alkene geometry, as
discussed above. By this procedure, the highest yield that was obtained for this multi-reaction
sequence was again that of compound 18a (R3 = R5 = R4 = H), which was now obtained
in 63% overall yield starting from 2-aminobenzenesulfonamide 6. Compounds 18b and 18c
were obtained in similarly acceptable overall yields of 62% and 58%, respectively, from
2-aminobenzenesulfonamide 6.

With a higher yielding and reproducible synthesis of compounds 18a–c now in hand, we
next set about to convert them into the desired 1,2,5-benzothiadiazepine 1,1-dioxides, a pro-
cess that we anticipated would be trivial. In the event, all attempts to affect the oxidation of the
N -(o-aminobenzenesulfonyl)-1,2-amino alcohols 18a–c into the corresponding ketones
proved unsuccessful under a variety of conditions (for example, Dess-Martin, Swern, TPAP,
Corey’s reagent, MnO2, etc), possibly due to a competing reaction at the primary amine.
Fortunately, Fmoc protection of the primary amine group (72–81%) allowed the successful
oxidation (Dess-Martin, 76–85%) to give the Fmoc protected derivatives 24a–c, as shown in
scheme 4. Standard Fmoc deprotection methods (using secondary amines such as piperidine,
diethylamine and dicyclohexylamine) resulted in a multi-spot TLC profile in all cases from
which the only identifiable products implied that the amine had undergone Michael addition
to the α, β-unsaturated ketone moiety. Such a reaction has been noted by other workers whilst
attempting to remove Fmoc with piperidine in the presence of a Michael acceptor [43]. We
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therefore found that a tertiary amine base, triethylamine (TEA), could be used to bring about
the removal of Fmoc. These conditions also turned out to be rigorous enough to bring about
cyclisation. Thus, treatment of the Fmoc protected ketone derivatives 24a–c with excess TEA
in anhydrous dichloromethane at reflux resulted in the complete disappearance by TLC of the
starting material after 15 hours and in the isolation, in each case, of a major new product. The
new products were not the deprotected compounds 25 (scheme 4), nor the expected cyclisa-
tion products 26, but were in fact the 3-hydroxy-1,2,5-benzothiadiazepines 27a–c which were
isolated in yields of 57–69%.

With regards to a possible mechanism, it is plausible that the 3-hydroxy-1,2,5-
benzothiadiazepines 27 may arise as a result of a series of tautomerisms in starting material
24 to give enol tautomer 28, followed by the formation of tautomer 29 as shown in scheme 5.
Deprotection of tautomer 29 then produces the corresponding amine 30. Clearly, the exact
sequence of events leading to intermediate 30 could be ordered differently so that deprotec-
tion occurs first and is followed by the tautomerism sequence. In any event, cyclisation of
intermediate 30 would give the carbinolamine 31 which could then give the isolated product
27, possibly via an intramolecular process such as that involving the intermediate epoxide 32,
as outlined in scheme 5. Alternatively, loss of water across the C4–N5 bond of compound 31,
and the subsequent intermolecular re-addition of water across the N2–C3 double bond of the
sulfonimine, would give the isolated product 27.

In the final part of this work, as shown in scheme 6, we investigated the use of
2-nitrobenzenesulfonamide as a precursor for a shorter synthesis of 1,2,5-benzothiadiazepine
1,1-dioxides. In this respect, we were surprised to find that, whilst we were able to convert
2-nitrobenzenesulfonamide into the dienophile 33 and isolate the Diels-Alder adduct 34c
derived from hexadiene, we were unable to isolate the butadiene or isoprene adducts 34a and
34b. This was due to their ready conversion into the corresponding homoallylic sulfonamides
36 (R4 = H or Me) in the presence of atmospheric moisture. The formation of homoallylic
sulfonamides 36 is due to attack of water at the 1,2-thiazine sulfur atom in compounds 34a
and b, followed by ring opening of the 1,2-thiazine to give an allylic sulfinic acid 35 with sub-
sequent retro-ene loss of SO2, an overall process that has precedent in the literature [48–53].
We believe that the presence of a methyl group at the 6-position of the 1,2-thiazine ring in
the hexadiene adduct 34c (R5 = Me) offers sufficient steric hindrance to prevent the initial

SCHEME 4 Synthesis of 3-hydroxy-1,2,5-benzothiadiazepines.
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462 C. Loukou et al.

SCHEME 5 Suggested mechanism for the formation of 3-hydroxy-1,2,5-benzothia-
diazepines 27.

attack of water at sulfur, hence allowing this adduct to be isolated, whereas adducts 34a and
b (R5 = H) are able to accommodate ready access of water to the sulfur and can thus go
on to produce the homoallylic sulfonamides 36. Hexadiene adduct 34c was isolated in 60%
yield and was converted into the alcohol 37c in 89% yield and thence into the correspond-
ing ketone 38c in 84% yield, again with the expected (see above) (E)-alkene geometry, as
shown in scheme 6. The treatment of this ketone with zinc in acetic acid gave access to the
4-alkenyl-1,2,5-benzothiadiazepine 1,1-dioxide 39c in 45% yield. Interestingly, we were able
to show that the air sensitive isoprene and butadiene adducts 34a and 34b could be converted
in situ into the alcohols 37a and 37b using the PhMgBr/P(OMe)3 sequence in overall yields
of 38% and 45%, respectively, for the four step process from 2-nitrobenzenesulfonamide.
The same ‘in situ’ process when applied to the hexadiene system gave another method for
accessing the alcohol 37c which was obtained in 44% overall yield for the four steps from
2-nitrobenzenesulfonamide. Finally, oxidation of alcohols 37a and b was achieved in yields
of 78% and 89% to give the ketones 38a and b. Ring closure using zinc in acetic acid gave
the 4-alkenyl-1,2,5-benzothiadiazepine 1,1-dioxides 39a and 39b in 50% and 49% yields,
respectively.

3. Summary

In conclusion, two efficient entries (3 examples of each) into the 1,2,5-benzothiadiazepine
1,1-dioxide system have been reported which rely upon the synthesis of N -(o-
aminobenzenesulfonyl)-1,2-vicinal amino alcohols orN -(o-nitrobenzenesulfonyl)-1,2-vicinal
amino alcohols from 1,2-thiazine 1-oxides, which are derived in turn from
2-aminobenzenesulfonamide and 2-nitrobenzenesulfonamide, respectively. A hetero-Diels-
Alder reaction between a diene and a N -sulfinyl dienophile was used to install the 1,2-thiazine
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SCHEME 6 1,2,5-Benzothiadiazepines from 2-nitrobenzenesulfonamide. Reaction
conditions: (i) SOCl2, pyridine, THF or SOCl2 (1.5 equiv.), benzene, reflux, 72 hours.
(ii) diene. (iii) PhMgBr, THF, −40 ◦C then H2O. (iv) P(OMe)3, MeOH, heat. (v) Dess-Martin
periodinane. (vi) Zn/AcOH, reflux.

1-oxide grouping which, after conversion into an allylic sulfoxide, underwent a [2, 3]-
sigmatropic rearrangement and desulfurisation to produce the 1,2-amino alcohol functionality.
For the 2-aminobenzenesulfonamide series, the conversion of the o-amino group into an
azide allowed the selective functionalization of the sulfonamide nitrogen. The azide could
be converted back into the amine very efficiently via the hydrolysis of an intermediate
iminophosphorane, or, less efficiently, via the hydrolysis of an intermediate triazene. The
N -(o-aminobenzenesulfonyl)-1,2-vicinal amino alcohols so obtained proved to be useful pre-
cursors for the synthesis of 3-hydroxy substituted 1,2,5-benzothiadiazepine 1,1-dioxides. For
the 2-nitrobenzenesulfonamide series, the Diels-Alder–[2, 3]-sigmatropic rearrangement –
desulfurisation sequence gave N -(o-nitrobenzenesulfonyl)-1,2-vicinal amino alcohols which
served as useful precursors for the synthesis of 4-alkenyl substituted 1,2,5-benzothiadiazepine
1,1-dioxides.

4. Experimental section

4.1 General considerations

All starting materials and reagents were used as commercially available. Pyridine,
triethylamine, piperidine, diisopropylamine, and N ,N -diisopropylethylamine, were dried over
4 Å molecular sieves prior to use. Solvents for chromatography were of analytical grade.
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Petroleum ether used for chromatography was of the 40–60 ◦C boiling point range. Anhy-
drous grade solvents were used as supplied, without additional drying, except where stated.
Unless otherwise stated, all reactions were conducted using oven-dried glassware under a
positive pressure of dry, oxygen-free nitrogen. All reactions were monitored by thin-layer
chromatography using aluminium plates coated with silica gel with F254 fluorescent indicator.
Various mixtures of petroleum ether (40–60 ◦C) and ethyl acetate were used as the eluent and
visualisation of the plates was achieved using ultraviolet light and/or vanillin stain. Flash col-
umn chromatography was performed using flash grade silica gel (70–230 mesh; 60 Å) using
the eluent described in the experimental protocol.

1H and 13C NMR spectra were recorded on a Bruker DPX-400 or Bruker AC-250 spectro-
meter operating at 400 MHz (or 100 MHz) and 250 MHz (or 63 MHz) frequency, respectively.
Coupling constants (J ) are reported in Hertz (Hz) and resonances are designated as follows:
singlet (s); doublet (d); triplet (t); quartet (q); quintet (quint). Broad signals in 1H NMR
are denoted as ‘br’ and signals corresponding to quaternary carbon atoms in 13C NMR are
indicated as ‘q’. Low resolution mass spectra (LRMS) were recorded on a Micromass Quattro
II Triple Quadrupole or a VG Micromass 7070 H mass spectrometer operating at a positive ion
mode under electron impact (EI), chemical ionisation (CI), or electrospray ionisation (ESI)
methods. Molecular ions are reported as their mass, with the percentage abundance quoted in
brackets. High resolution mass spectra (HRMS) were recorded on a Finnegan MAT 900 XTL
instrument operated by the EPSRC National Mass Spectrometry service at the University of
Wales Swansea, UK, and are reported for compounds of >99% purity (NMR) which were
single spot pure by TLC. Infrared spectra (IR) were recorded on a Perkin Elmer Paragon 1000
FT-IR instrument as thin films between NaCl plates (oils) or as KBr disks (solids).Absorptions
are listed as wavenumber (cm−1), with their absorption intensity indicated parenthetically as
broad (b), strong (s), medium (m) or weak (w).

4.2 Synthesis of 2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxides (15)

4.2.1 General procedure, Method A. To a suspension of o-azidobenzenesulfonamide
(13; 5–8 mmol, 1.0 eq) in anhydrous benzene (30–50 ml) [CAUTION: SUSPECTED
CARCINOGEN – see Method B for an alternative] was added, under an atmosphere of dry
nitrogen, thionyl chloride (1.5 eq), and the whole was heated at reflux in an oil bath for 3 days
(∼72 hours), or until the sulfonamide had completely dissolved. The reaction mixture was
allowed to cool to room temperature and the solvent and excess thionyl chloride were
removed in vacuo to yield the N -sulfinyl-o-azidobenzenesulfonamide (14) as a brown
oil. To the crude N -sulfinyl-o-azidobenzenesulfonamide (14) in anhydrous tetrahydrofu-
ran (20–30 ml) was added, under nitrogen, the diene (1.6 eq), and the reaction mixture
was stirred at room temperature for 6–16 hours, whilst being monitored by TLC. After
completion of the reaction, the solvent was removed in vacuo and the crude product
was purified by flash silica column chromatography (eluent: PE:EtOAc/1:1) to yield the
2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxides (15), as follows:

2-(o-Azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (15a) was obtained as a
yellow solid (1.235 g, 82% yield) from o-azidobenzenesulfonamide (13; 1.000 g, 5.05 mmol)
and 1,3-butadiene (large excess, ∼10 eq), mp: 122–124 ◦C.

δH (400 MHz, CDCl3): 3.45 (1 H, ddd, J 16.5, 6.2, 2.3, CH2S=O), 3.61 (1 H, ddd, J 16.5,
5.1, 2.5, CH2S=O), 3.83 (1 H, ddd, J 17.4, 5.2, 2.3, CH2N), 4.11–4.17 (1 H, m, CH2N),
5.73–5.79 (1 H, m, HC=CH), 5.96–6.01 (1 H, m, HC=CH), 7.28 (1 H, td, J 7.8, 0.9, ArH ),
7.34 (1 H, dd, J 8.0, 0.8, ArH ), 7.66 (1 H, td, J 7.8, 1.5, ArH ), 8.01 (1 H, dd, J 8.0, 1.5,
ArH ). δC (100 MHz, CDCl3): 39.0 (CH2), 50.6 (CH2), 114.6 (CH), 120.3 (CH), 124.3 (CH),
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124.6 (CH), 127.7 (q), 131.6 (CH), 135.1 (CH), 139.1 (q). υmax (cm−1): 3010 (w), 2919 (w),
2133 (s), 1575 (m), 1470 (s), 1433 (m), 1352 (s), 1282 (s), 1170 (s), 1103 (s), 1060 (s),
1003 (m), 868 (m), 771 (s), 653 (m). EI+ mass spectrum (m/z, %): 298 ([M]+, 4%), 282
([M–O]+, 1%), 270 ([M–N2]+, 2%), 250 ([M–SO]+, 3%), 172 (5%), 156 (10%), 116 (25%),
104 (20%), 90 (40%), 76 (35%), 64 (50%), 54 (30%), 39 (100%). CI+mass spectrum (m/z, %):
316 ([M+NH4]+, 100%), 299 ([M+H]+, 6%). HRMS (ESI+): found [M+NH4]+ 316.0534,
C10H10N4O3S2 requires 316.0538. C, H, N(%): found C 40.4, H 3.4, N 18.6; C10H10N4O3S2

requires C 40.3, H 3.4, N 18.8.
2-(o-Azidobenzenesulfonyl)-3,6-dihydro-5-methyl-1,2-thiazine 1-oxide (15b) was obtained

as a yellow solid (1.845 g, 78% yield) from o-azidobenzenesulfonamide (13; 1.500 g,
7.57 mmol) and isoprene (1.21 ml, 12.11 mmol), mp: 146–148 ◦C.

δH (400 MHz, CDCl3): 1.80 (3 H, s, CH3), 3.23 (1 H, dd, J 16.2, 1.8, CH2S=O), 3.57–3.62
(1 H, dm, J 16.2, CH2S=O), 3.75–3.82 (1 H, dm, J 17.0, CH2N), 4.05–4.10 (1 H, dm, J

17.0, CH2N), 5.66 (1 H, d, J 1.9, MeC=CH), 7.24 (1 H, t, J 7.7, ArH ), 7.32 (1 H, d, J 8.1,
ArH ), 7.64 (1 H, td, J 7.8, 1.4, ArH ), 7.99 (1 H, dd, J 8.0, 1.4, ArH ). δC (100 MHz, CDCl3):
24.2 (CH3), 39.3 (CH2), 54.3 (CH2), 117.6 (CH), 120.2 (CH), 122.6 (q), 124.5 (CH), 127.7
(q), 131.5 (CH), 135.1 (CH), 139.0 (q). υmax (cm−1): 3011 (w), 2916 (w), 2134 (s), 1575
(m), 1473 (s), 1444 (m), 1350 (s), 1293 (m), 1172 (s), 1103 (s), 1064 (m), 1010 (w), 832
(m), 757 (s), 655 (m). EI+ mass spectrum (m/z, %): 312 ([M]+, 2%), 296 ([M–O]+, 1%),
284 ([M–N2]+, 3%), 264 ([M–SO]+, 1%), 183 (5%), 171 (10%), 156 (15%), 130 (10%), 108
(15%), 104 (15%), 90 (55%), 84 (45%), 76 (35%), 68 (100%). CI+ mass spectrum (m/z, %):
330 ([M+NH4]+, 97%), 313 ([M+H]+, 15%), 284 ([M–N2]+, 90%). HRMS (ESI+): found
[M+H]+ 313.0425, C11H12N4O3S2 requires 313.0429. C, H, N(%): found C 42.4, H 3.7, N
17.8; C11H12N4O3S2 requires C 42.3, H 3.9, N 17.9.

2-(o-Azidobenzenesulfonyl)-3,6-dihydro-3,6-dimethyl-1,2-thiazine 1-oxide (15c) was obtai-
ned as a yellow solid (1.580 g, 80% yield) from o-azidobenzenesulfonamide (13; 1.200 g,
6.054 mmol) and (E, E)-2,4-hexadiene (1.10 ml, 9.69 mmol), mp: 137–139 ◦C.

δH (250 MHz, CDCl3): 1.27 (3 H, d, J 7.0, CH3CHS=O), 1.46 (3 H, d, J 7.4, CH3CHN),
3.29–3.41 (1 H, m, MeCHS=O), 4.55–4.68 (1 H, m, MeCHN), 5.45 (1 H, ddd, J 11.0, 2.5,
1.5, HC=CH), 5.91 (1 H, dt, J 11.0, 3.2, HC=CH), 7.25–7.35 (2H, m, 2xArH ), 7.62–7.69
(1 H, m, ArH ), 8.06 (1 H, dd, J 8.0, 0.9, ArH ). δC (63 MHz, CDCl3): 15.9 (CH3), 22.2 (CH3),
51.2 (CH), 53.3 (CH), 119.8 (CH), 120.1 (CH), 124.8 (CH), 129.7 (CH), 130.4 (q), 131.1
(CH), 135.0 (CH), 138.7 (q). υmax (cm−1): 3020 (w), 2929 (w), 2131 (s), 1575 (m), 1472
(s), 1441 (m), 1353 (m), 1262 (s), 1166 (s), 1121 (s), 1060 (m), 1003 (m), 877 (m), 752 (s),
657 (m). EI+ mass spectrum (m/z, %): 327 ([M+H]+, 2%), 310 ([M–O]+, 2%), 298 ([M–
N2]+, 4%), 278 ([M–SO]+, 3%), 208 (10%), 198 (5%), 183 (5%), 171 (10%), 154 (8%), 144
(10%), 105 (15%), 96 (20%), 90 (30%), 82 (100%), 76 (25%), 67 (60%). CI+ mass spectrum
(m/z, %): 344 ([M+NH4]+, 100%), 327 ([M+H]+, 55%), 298 ([M–N2]+, 20%). HRMS
(ESI+): found [M+H]+ 327.0585, C12H14N4O3S2 requires 327.0585. C, H, N(%): found C
44.4, H 4.4, N 17.0; C12H14N4O3S2 requires C 44.2, H 4.3, N 17.2.

4.2.2 Method B (avoiding the use of benzene). To a solution of o-azidobenzenesulfo-
namide (13, ∼5–10 mmol, 1.0 eq) and anhydrous pyridine (2.0 eq) in anhydrous tetrahydro-
furan (30–60 ml), under an atmosphere of dry nitrogen, was added, dropwise with stirring
over a period of 3 hours, a solution of thionyl chloride (1.0 eq) in anhydrous tetrahydrofuran
(5–8 ml). Stirring of the reaction mixture was continued for a further 30 minutes, followed
by dropwise addition of the appropriate 1,3-diene (1.6 eq), and the whole was allowed to
stir at room temperature for 6–16 hours whilst being monitored by TLC. In the case of the
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1,3-butadiene adduct (15a), the diene was condensed at low temperature (−20 ◦C) and sub-
sequently added to the mixture, maintaining the low temperature of the reaction for 4–6
hours. After completion of the reaction, the solvent was removed in vacuo and the crude
product was purified by flash column silica chromatography (eluent PE:EtOAc/1:1). The
2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxides (15) were obtained as follows:

2-(o-Azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (15a) was obtained as a yel-
low solid (0.8720 g, 58% yield) from o-azidobenzenesulfonamide (13; 1.000 g, 5.05 mmol)
and 1,3-butadiene (large excess, ∼10 eq).

2-(o-Azidobenzenesulfonyl)-3,6-dihydro-5-methyl-1,2-thiazine 1-oxide (15b) was obtained
as a yellow solid (1.512 g, 60% yield) from o-azidobenzenesulfonamide (13; 1.600 g,
8.07 mmol) and isoprene (1.29 ml, 12.92 mmol).

2-(o-Azidobenzenesulfonyl)-3,6-dihydro-3,6-dimethyl-1,2-thiazine 1-oxide (15c) was obtai-
ned as a yellow solid (1.720 g, 70% yield) from o-azidobenzenesulfonamide (13; 1.500 g,
7.57 mmol) and 2,4-hexadiene (1.38 ml, 12.11 mmol). [For full characterization data of these
compounds, see Method A, above].

4.3 Synthesis of (o-aminobenzenesulfonamidyl)alkenols (18)

4.3.1 Method 1. Synthesis via the triazene route (see scheme 2). Synthesis of
[3’-(o-benzenesulfonamidyl)-1’-phenyltriazene] alkenols (17). A solution of phenylmag-
nesium bromide (3 M in ether, 3.0 eq) was added to a stirred solution of the 2-(o-
azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (15; ∼1.0–3.5 mmol, 1.0 eq) in
anhydrous tetrahydrofuran (10–20 ml) at −78 ◦C, under an atmosphere of dry nitrogen. The
reaction mixture was kept at low temperature (<−40 ◦C) for 3–4 hours, whilst being monitored
by TLC. Upon completion of the reaction, the mixture was quenched at −20 ◦C with saturated
ammonium chloride solution (15 ml) and allowed to warm to room temperature. The mixture
was extracted with ethyl acetate (2 × 20 ml) and the combined organic layers were washed
with water (2 × 20 ml) and brine (10 ml). The organic phase was collected, dried (MgSO4),
filtered and the solvent evaporated off to yield the phenyl allylic sulfoxide (16), which was
not purified further. To a solution of the crude allylic sulfoxide (16) in anhydrous methanol
(10–20 ml) was added anhydrous piperidine (5.0 eq), under an atmosphere of dry nitrogen,
and the whole was heated under reflux for a total of 10–15 hours, whilst being monitored
by TLC. Upon completion of the reaction, the solvent was removed in vacuo and the crude
product was purified by flash column chromatography (eluent: PE:EtOAc/5:2) to yield the
[3’-(o-benzenesulfonamidyl)-1’-phenyltriazene] alkenols (17) as follows:

4-[3’-(o-Benzenesulfonamidyl)-1’-phenyltriazene]-but-1-en-3-ol (17a) was obtained as
a yellow oil, which solidified to give a waxy solid (0.7770 g, 67% yield), from
2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (15a; 1.000 g, 3.35 mmol), mp
172–174 ◦C.

δH (400 MHz, CDCl3): 2.92 (1 H, dd, J 12.8, 8.2, CH2NH), 3.19 (1 H, dd, J 12.8, 3.3,
CH2NH), 4.37 (1 H, s, br, CHOH), 5.17 (1 H, d, J 10.6, HC=CH2), 5.33 (1 H, d, J 17.2,
HC=CH2), 5.81 (1 H, ddd, J 16.6, 10.8, 5.6, H2C=CH), 7.11–7.13 (3 H, m, 3 × ArH ), 7.25
(2 H, t, J 7.7, 2 × ArH ), 7.31 (1 H, t, J 7.6, ArH ), 7.54 (1 H, t, J 7.8, ArH ), 7.71 (1 H, d, J

8.1, ArH ), 8.02 (1 H, d, J 7.8, ArH ). δC (100 MHz, CDCl3): 48.7 (CH2), 71.1 (CH), 117.0
(CH2), 117.5 (CH), 124.9 (CH), 125.3 (CH), 129.2 (CH), 129.3 (CH), 129.7 (q), 133.9 (CH),
135.4 (q), 136.9 (CH), 144.0 (q). υmax (neat oil, cm−1): 3476 (bm), 3291 (m), 3231 (m), 2987
(m), 2928 (m), 2306 (m), 1602 (s), 1527 (m), 1466 (s), 1441 (s), 1421 (s), 1327 (s), 1155 (s),
1126 (m), 1087 (m), 909 (s), 728 (s). EI+ mass spectrum (m/z, %): 346 ([M]+, 1%), 149
(15%), 105 (20%), 91 (20%), 84 (75%), 77 (60%), 69 (35%), 65 (25%), 57 (40%). ESI+ mass
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spectrum (m/z, %): 715 ([2M+Na]+, 25%), 693 ([2M+H]+, 2%), 369 ([M+Na]+, 100%), 347
([M+H]+, 10%). HRMS (ESI+): found [M+H]+ 347.1174, C16H18N4O3S requires 347.1178.
C, H, N(%): found C 55.4, H 5.4, N 16.4; C16H18N4O3S requires C 55.5, H 5.2, N 16.2.

4-[3’-(o-Benzenesulfonamidyl)-1’-phenyltriazene]-2-methyl-but-1-en-3-ol (17b) was ob-
tained as a yellow oil which solidified on standing to give a waxy solid (0.3690 g, 64% yield)
from 2-(o-azidobenzenesulfonyl)-3,6-dihydro-5-methyl-1,2-thiazine 1-oxide (15b; 0.5000 g,
1.60 mmol), mp 122–128 ◦C.

δH (400 MHz, CDCl3): 1.67 (3 H, s, CH3), 2.80 (1 H, s, br, OH), 2.93 (1 H, dd, J 12.7,
8.3, CH2NH), 3.24 (1 H, dd, J 12.7, 3.3, CH2NH), 4.26 (1 H, dd, J 5.2, 1.6, CHOH), 4.90
(1 H, s, MeC=CH2), 5.03 (1 H, s, MeC=CH2), 6.05 (1 H, s, br, NH), 7.19–7.21 (3 H, m,
3 × ArH ), 7.28–7.32 (3 H, m, 3 × ArH ), 7.55 (1 H, td, J 7.8, 1.3, ArH ), 7.74 (1 H, d, J

8.2, ArH ), 8.01 (1 H, dd, J 7.9, 1.3, ArH ), 11.0 (1 H, s, br, NH). δC (100 MHz, CDCl3): 18.5
(CH3), 47.5 (CH2), 73.5 (CH), 112.5 (CH2), 117.1 (q), 117.4 (CH), 123.0 (q), 123.2 (q), 125.1
(CH), 125.3 (CH), 129.2 (CH), 129.4 (CH), 133.9 (CH), 144.0 (q). υmax (cm−1): 3468 (bm),
3290 (m), 3229 (m), 2987 (m), 2927 (m), 2306 (m), 1602 (s), 1526 (m), 1466 (s), 1441 (s),
1420 (s), 1327 (s), 1154 (s), 1123 (m), 1098 (m), 910 (m), 730 (s). EI+ mass spectrum (m/z,
%): 360 ([M]+, 1%), 156 (10%), 105 (25%), 92 (40%), 84 (20%), 77 (100%), 69 (25%), 65
(45%), 57 (25%). ESI+ mass spectrum (m/z, %): 743 ([2M+Na]+, 30%), 721 ([2M+H]+,
5%), 383 ([M+Na]+, 100%), 361 ([M+H]+, 15%). HRMS (ESI+): found [M+H]+ 361.1333,
C17H20N4O3S requires 361.1334. C, H, N(%): found C 56.9, H 5.8, N 15.2; C17H20N4O3S
requires C 56.7, H 5.6, N 15.5.

(E)-5-[3’-(o-Benzenesulfonamidyl)-1’-phenyltriazene]-hex-2-en-4-ol (17c) was obtained
as a yellow waxy solid (0.4740 g, 59% yield) from 2-(o-azidobenzenesulfonyl)-3,6-dihydro-
3,6-dimethyl-1,2-thiazine 1-oxide (15c; 0.7000 g, 2.15 mmol), mp: 149–153 ◦C.

δH (400 MHz, CDCl3): 1.07 (3 H, d, J 6.7, CH3CHNH), 1.62 (3 H, dd, J 6.5, 1.4,
CH3CH=CH), 3.00 (1 H, s, br, OH), 3.34 (1 H, dq, J 15.3, 6.4, MeCHNH), 3.94 (1 H, t,
J 6.5, CHOH), 5.39 (1 H, ddd, J 15.3, 7.3, 1.5, MeHC=CH), 5.71 (1 H, dq, J 14.9, 6.6,
CH=CHMe), 5.90 (1 H, s, br, NH), 7.13 (1 H, t, J 7.1, ArH ), 7.16–7.21 (2H, m, 2 × ArH ),
7.25–7.30 (3 H, m, 3 × ArH ), 7.53 (1 H, td, J 7.8, 1.4, ArH ), 7.75 (1 H, d, J 8.1, ArH ),
8.01 (1 H, dd, J 7.9, 1.1, ArH ), 11.2 (1 H, s, br, NH ). δC (100 MHz, CDCl3): 17.4 (CH3),
17.7 (CH3), 54.9 (CH), 75.7 (CH), 117.2 (CH), 117.3 (CH), 122.7 (q), 125.1 (CH), 125.3
(CH), 129.1 (CH), 129.8 (CH), 130.1 (CH), 132.3 (q), 133.7 (CH), 141.3 (q). υmax (cm−1):
3470 (bm), 3289 (m), 3230 (m), 2987 (m), 2928 (m), 2305 (m), 1601 (s), 1527 (m), 1465
(s), 1441 (s), 1422 (s), 1327 (s), 1155 (s), 1123 (m), 1087 (m), 896 (m), 739 (s). EI+ mass
spectrum (m/z, %): 374 ([M]+, 1%), 303 (2%), 149 (15%), 105 (40%), 92 (30%), 84 (65%),
77 (100%), 69 (65%), 65 (35%), 56 (70%). ESI+ mass spectrum (m/z, %): 771 ([2M+Na]+,
25%), 749 ([2M+H]+, 3%), 397 ([M+Na]+, 100%), 375 ([M+H]+, 10%). HRMS (ESI+):
found [M+H]+ 375.1486, C18H22N4O3S requires 375.1491. C, H, N(%): found C 57.4, H
5.8, N 15.1; C18H22N4O3S requires C 57.7, H 5.9, N 15.0.

Synthesis of (o-aminobenzenesulfonamidyl)alkenols (18) from triazenes (17). A solution
of the [3’-(o-benzenesulfonamidyl)-1’-phenyltriazene] alkenol (17) (∼0.5–1.5 mmol) in stan-
dard laboratory reagent grade methanol was heated at reflux in the open air for a total of 5 hours.
The reaction mixture was allowed to cool to room temperature, the solvent was removed in
vacuo and the crude product was purified by column chromatography (eluent: PE:EtOAc/5:2)
to yield the 4-(o-aminobenzenesulfonamidyl)-but-1-en-3-ols (18) in 60–70% yield. As a typ-
ical example, 4-(o-aminobenzenesulfonamidyl)-but-1-en-3-ol (18a) was obtained as a yellow
oil (0.2450 g, 70% yield) from 4-[3’-(o-benzenesulfonamidyl)-1’-phenyltriazene]-but-1-en-3-
ol (17a; 0.5000 g, 1.44 mmol). [Data for compounds (18a–c) were identical to that provided
via the more efficient Method 2, details of which are listed immediately below].
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4.3.2 Method 2. Synthesis via the hydrolysis of iminophosphorane (20) (see scheme 3).
Synthesis of 2-(o-aminobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxides (21). To a solu-
tion of the 2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (15; ∼3–6 mmol,
1.0 eq) in anhydrous tetrahydrofuran (10–20 ml) was added, dropwise with stirring over
a period of 1 hour, a solution of triphenylphosphine (1.0 eq) in anhydrous tetrahydro-
furan (5–8 ml) under an atmosphere of dry nitrogen. The mixture was stirred for 3–4
hours, after which analysis by TLC showed a single new spot, assumed to be the 2-[o-N -
(triphenylphosphoranylidene)benzenesulfonyl]-3,6-dihydro-1,2-thiazine 1-oxides (20).Water
(∼8 eq) was added to the mixture and the whole was heated at reflux in the open air for a total
of 15 hours, at which stage TLC showed disappearance of the assumed intermediate (20) and
the presence of a single new spot together with base-line material which was later identified
as triphenylphosphine oxide. The reaction mixture was allowed to cool to room temperature,
the solvent was removed in vacuo and the crude product was purified by gravity column
chromatography on silica (eluent: PE:EtOAc/2:1) to yield the 2-(o-aminobenzenesulfonyl)-
3,6-dihydro-1,2-thiazine 1-oxides (21) as light yellow oils, which darkened on standing and
which were used immediately in the next step. Data for samples of compounds (21a–c) were
as follows:

2-(o-Aminobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (21a) was obtained as a yel-
low oil (0.900 g, 99%) from 2-(o-azidobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide
(15a; 1.000 g, 3.35 mmol).

δH (250 MHz, CDCl3): 3.39 (1 H, ddd, J 16.5, 6.3, 2.4, CH2S=O), 3.61 (1 H, ddd, J 16.4,
5.2, 2.8, CH2S=O), 3.80 (1 H, ddd, J 17.1, 5.3, 2.3, CH2N), 3.99–4.10 (1 H, dm, J 17.1,
CH2N), 5.12 (2H, s, br, NH2), 5.71 (1 H, dddd, J 12.8, 8.6, 4.5, 2.1, HC=CH), 5.92–6.00
(1 H, m, HC=CH), 6.72–6.81 (2H, m, 2 × ArH ), 7.33 (1 H, td, J 7.7, 1.6, ArH ), 7.67 (1 H,
dd, J 8.1, 1.5, ArH ). δC (63 MHz, CDCl3): 39.0 (CH2), 50.6 (CH2), 114.5 (CH), 117.6 (CH),
117.7 (q), 118.1 (CH), 124.4 (CH), 130.1 (CH), 135.4 (CH), 146.2 (q). 31P spectroscopy
showed the sample to be free of phosphorus. υmax (cm−1): 3432 (m), 3339 (m), 2960 (m),
2918 (m), 1617 (s), 1560 (m), 1484 (s), 1454 (m), 1342 (s), 1166 (s), 1075 (s), 1002 (m), 869
(m), 773 (s), 630 (s). EI+ mass spectrum (m/z, %): 273 ([M+H]+, 3%), 272 ([M]+, 15%),
224 ([M–SO]+, 15%), 218 (30%), 172 (5%), 156 (40%), 140 (10%), 116 (10%), 108 (30%),
92 (100%), 65 (80%), 54 (10%). CI+ mass spectrum (m/z, %): 290 ([M+NH4]+, 100%),
273 ([M+H]+, 60%). HRMS (ESI+): found [M+H]+ 273.0367, C10H12N2O3S2 requires
273.0367.

2-(o-Aminobenzenesulfonyl)-3,6-dihydro-5-methyl-1,2-thiazine 1-oxide (21b) was obtai-
ned as a yellow oil (1.454 g, >99%) from 2-(o-azidobenzenesulfonyl)-3,6-dihydro-5-methyl-
1,2-thiazine 1-oxide (15b; 1.600 g, 5.12 mmol, 1.0 eq).

δH (400 MHz, CDCl3): 1.83 (3 H, s, CH3), 3.22 (1 H, dd, J 16.2, 1.9, CH2S=O), 3.61 (1 H,
dt, J 16.2, 1.2, CH2S=O), 3.80 (1 H, ddq, J 16.6, 5.8, 2.1, CH2N), 4.00 (1 H, dt, J 16.6, 2.1,
CH2N), 5.14 (2H, s, br, NH2), 5.67 (1 H, m, MeC=CH), 6.75 (1 H, dd, J 8.1, 0.6, ArH ), 6.80
(1 H, dt, J 7.6, 0.8, ArH ), 7.35 (1 H, td, J 7.7, 1.4, ArH ), 7.70 (1 H, dd, J 8.1, 1.4, ArH ). δC

(100 MHz, CDCl3): 24.3 (CH3), 39.3 (CH2), 54.3 (CH2), 117.6 (CH), 117.8 (CH), 117.9 (q),
118.0 (CH), 122.6 (q), 130.2 (CH), 135.4 (CH), 146.1 (q). υmax (cm−1): 3462 (m), 3338 (m),
2961 (m), 2928 (s), 1625 (m), 1598 (m), 1483 (s), 1438 (s), 1343 (s), 1158 (s), 1093 (s), 1027
(w), 927 (m), 758 (s), 668 (s). EI+ mass spectrum (m/z, %): 286 ([M]+, 4%), 238 ([M–SO]+,
8%), 218 (15%), 172 (10%), 156 (30%), 140 (10%), 108 (35%), 92 (100%), 65 (25%). ESI+
mass spectrum (m/z, %): 309 ([M+Na]+, 8%), 287 ([M+H]+, 20%). HRMS (ESI+): found
[M+H]+ 287.0524, C11H14N2O3S2 requires 287.0524.

2-(o-Aminobenzenesulfonyl)-3,6-dihydro-3,6-dimethyl-1,2-thiazine 1-oxide (21c) was
obtained as a yellow oil (1.650 g, >99%) from 2-(o-azidobenzenesulfonyl)-3,6-dihydro-3,6-
dimethyl-1,2-thiazine 1-oxide (15c; 1.800 g, 5.52 mmol).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



The synthesis of 1,2,5-benzothiadiazepine 1,1-dioxides from 1,2-thiazine 1-oxides 469

δH (250 MHz, CDCl3): 1.41 (3 H, d, J 7.0, CH3CHS=O), 1.44 (3 H, d, J 7.5, CH3CHN),
3.42 (1 H, dq, J 7.6, 1.9, MeCHS=O), 4.33 (1 H, dq, J 6.8, 3.4, MeCHN), 4.91–4.95 (2H, br,
NH2), 5.38 (1 H, ddd, J 11.0, 2.1, 2.1, HC=CH), 5.84 (1 H, ddd, J 11.0, 3.3, 3.3, HC=CH),
6.75 (1 H, d, J 8.3, ArH ), 6.78–6.83 (1 H, m, ArH ), 7.34 (1 H, td, J 7.7, 1.5, ArH ), 7.75
(1 H, td, J 7.5, 1.5, ArH ). δC (63 MHz, CDCl3): 15.8 (CH3), 22.9 (CH3), 50.8 (CH), 52.9
(CH), 117.8 (CH), 118.0 (CH), 119.8 (CH), 120.8 (q), 129.5 (CH), 129.9 (CH), 135.1 (CH),
145.3 (q). υmax (cm−1): 3476 (w), 3373 (w), 2968 (m), 2928 (m), 1621 (m), 1566 (w), 1483
(s), 1455 (m), 1342 (s), 1157 (s), 1100 (s), 942 (m), 880 (s), 755 (s), 669 (s). EI+ mass
spectrum (m/z, %): 300 ([M]+, 2%), 252 ([M–SO]+, 4%), 218 (15%), 172 (4%), 156 (6%),
140 (5%), 108 (20%), 92 (100%), 82 (80%), 77 (20%), 65 (85%). CI+ mass spectrum (m/z,
%): 318 ([M+NH4]+, 70%), 301 ([M+H]+, 40%). HRMS (ESI+): found [M+H]+ 301.0675,
C12H16N2O3S2 requires 301.0680.

Synthesis of (o-aminobenzenesulfonamidyl)alkenols (18) from compounds (21). A solu-
tion of phenylmagnesium bromide (3 M in ether, 2.0 eq) was added to a stirring solution of
the 2-(o-aminobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide (21; ∼2–5 mmol, 1.0 eq) in
anhydrous tetrahydrofuran (10–20 ml) at −78 ◦C, under an atmosphere of dry nitrogen. The
reaction mixture was kept at low temperature (<−40 ◦C) for 3–4 hours, whilst being moni-
tored by TLC. Upon completion of the reaction, the mixture was quenched at −20 ◦C with
saturated ammonium chloride solution (15 ml) and allowed to warm to room temperature.
The mixture was extracted with ethyl acetate (2 × 20 ml) and washed with water (2 × 20 ml)
and brine (10 ml). The organic phase was collected, dried (MgSO4), filtered and the solvent
evaporated off to yield the phenyl allylic sulfoxide (22), which was not purified further. To
a solution of the crude allylic sulfoxide (22) in anhydrous methanol (10–20 ml) was added
trimethyl phosphite (2.0 eq), under an atmosphere of dry nitrogen, and the whole was heated
under reflux for a total of 10–15 hours. Upon completion of the reaction (TLC), the solvent was
removed in vacuo and the crude product was purified by flash silica column chromatography
(eluent: PE:EtOAc/5:2) to yield the (o-aminobenzenesulfonamidyl)alkenols (18) as yellow
oils which darkened on standing at room temperature, but which were stored without detri-
ment at −15 ◦C and used after 24 hours in the next step. Data for samples of compounds
(18a–c) were as follows:

4-(o-Aminobenzenesulfonamidyl)-but-1-en-3-ol (18a) was obtained as a yellow oil
(0.6120 g, 86% yield) from 2-(o-aminobenzenesulfonyl)-3,6-dihydro-1,2-thiazine 1-oxide
(21a; 0.8000 g, 2.94 mmol).

δH (400 MHz, CDCl3): 2.85 (1 H, ddd, J 13.1, 8.0, 5.2, CH2NH), 3.08 (1 H, ddd, J 13.1,
7.6, 3.7, CH2NH), 4.15–4.17 (1 H, m, CHOH), 4.75 (2H, s, br, NH2), 5.17 (1 H, dt, J 10.5,
1.0, HC=CH2), 5.28 (1 H, dt, J 17.2, 1.2, HC=CH2), 5.44 (1 H, t, br, J 5.9, SO2NH), 5.73
(1 H, ddd, J 17.1, 10.6, 5.7, H2C=CH), 6.78–6.84 (2 H, m, 2 × ArH ), 7.34 (1 H, td, J 7.7, 1.5,
ArH ), 7.71 (1 H, dd, J 8.0, 1.4, ArH ). δC (100 MHz, CDCl3): 48.2 (CH2), 71.1 (CH), 117.0
(CH2), 117.8 (CH), 117.9 (CH), 121.5 (q), 129.6 (CH), 134.3 (CH), 137.0 (CH), 145.0 (q).
υmax (cm−1): 3476 (bm), 3377 (bm), 2987 (m), 2928 (m), 1620 (m), 1600 (m), 1573 (w), 1483
(s), 1456 (s), 1332 (s), 1156 (s), 1073 (m), 896 (m), 747 (s). EI+ mass spectrum (m/z, %): 242
([M]+, 5%), 224 ([M–H2O]+, 5%), 185 (35%), 168 (15%), 156 (50%), 108 (35%), 92 (100%),
65 (98%), 57 (90%). CI+ mass spectrum (m/z, %): 260 ([M+NH4]+, 95%), 243 ([M+H]+,
100%). HRMS (ESI+): found [M+H]+ 243.0804, C10H14N2O3S requires 243.0803.

4-(o-Aminobenzenesulfonamidyl)-2-methyl-but-1-en-3-ol (18b) was obtained as a yellow
oil (1.115 g, 89% yield) from 2-(o-aminobenzenesulfonyl)-3,6-dihydro-5-methyl-1,2-thiazine
1-oxide (21b; 1.400 g, 4.89 mmol).

δH (400 MHz, CDCl3): 1.66 (3 H, s, CH3), 2.88 (1 H, ddd, J 12.9, 8.0, 3.5, CH2NH), 3.15
(1 H, ddd, J 13.1, 8.0, 3.6, CH2NH), 4.06 (1 H, dd, J 7.8, 3.6, CHOH), 4.88 (2H, s, br, NH2),
4.93 (1 H, bs, MeC=CH2), 5.00 (1 H, d, J 0.9, MeC=CH2), 5.11 (1 H, s, br, SO2NH), 6.80
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(1 H, d, J 8.2, ArH ), 6.85 (1 H, td, J 7.7, 1.0, ArH ), 6.85 (1 H, dd, J 7.7, 1.0, ArH ), 7.36
(1 H, td, J 7.7, 1.7, ArH ), 7.74 (1 H, dd, J 8.0, 1.5, ArH ). δC (100 MHz, CDCl3): 18.3 (CH3),
47.0 (CH2), 73.4 (CH), 112.4 (CH2), 117.8 (CH), 118.1 (CH), 121.7 (q), 129.7 (CH), 134.3
(CH), 144.1 (q), 145.0 (q). υmax (cm−1): 3477 (bm), 3378 (bm), 2986 (m), 2926 (m), 1619
(m), 1600 (m), 1573 (w), 1483 (s), 1456 (s), 1331 (m), 1155 (s), 1090 (m), 910 (m), 756
(s). EI+ mass spectrum (m/z, %): 256 ([M]+, 3%), 238 ([M–H2O]+, 4%), 185 (30%), 168
(15%), 156 (50%), 108 (35%), 92 (100%), 71 (35%), 65 (90%). CI+ mass spectrum (m/z, %):
274 ([M+NH4]+, 100%), 257 ([M+H]+, 90%). HRMS (ESI+): found [M+H]+ 257.0956,
C11H16N2O3S requires 257.0960.

(E)-5-(o-Aminobenzenesulfonamidyl)-hex-2-en-4-ol (18c) was obtained as a yellow
oil (0.8900 g, 82% yield) from 2-(o-aminobenzenesulfonyl)-3,6-dihydro-3,6-dimethyl-1,2-
thiazine 1-oxide (21c; 1.200 g, 4.00 mmol).

δH (400 MHz, CDCl3): 1.02 (3 H, d, J 6.7, CH3CHNH), 1.62 (3 H, dd, J 6.5, 1.3,
CH3CH=CH), 3.13–3.18 (1 H, m, CHMe), 3.80 (1 H, t, J 6.6, CHOH), 3.99 (2H, s, br,
NH2), 5.22 (1 H, d, br, J 8.1, SO2NH), 5.31 (1 H, ddd, J 15.3, 7.5, 1.6, MeHC=CH), 5.67
(1 H, dq, J 15.3, 6.6, CH=CHMe), 6.78 (1 H, d, J 8.0, ArH ), 6.80 (1 H, t, J 7.5, ArH ),
7.32 (1 H, td, J 7.7, 1.5, ArH ), 7.72 (1 H, dd, J 8.0, 1.4, ArH ). δC (100 MHz, CDCl3): 17.7
(CH3), 17.8 (CH3), 54.2 (CH), 75.7 (CH), 117.7 (CH), 117.8 (CH), 122.3 (q), 129.5 (CH),
129.7 (CH), 130.0 (CH), 134.0 (CH), 144.9 (q). υmax (cm−1): 3474 (bm), 3374 (bm), 2975
(m), 2931 (m), 1621 (m), 1600 (m), 1568 (w), 1483 (s), 1455 (m), 1318 (s), 1155 (s), 1080
(m), 968 (m), 755 (s). EI+ mass spectrum (m/z, %): 270 ([M]+, 1%), 252 ([M–H2O]+, 6%),
199 (25%), 182 (20%), 172 (25%), 156 (30%), 108 (35%), 92 (98%), 71 (10%), 65 (100%).
CI+ mass spectrum (m/z, %): 288 ([M+NH4]+, 20%), 271 ([M+H]+, 25%). HRMS (ESI+):
found [M+H]+ 271.1116, C12H18N2O3S requires 271.1116.

4.4 Synthesis of {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}
alkenones (24)

4.4.1 Stage 1. Synthesis of the {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesul-
fonamidyl} alkenols. To a solution of the o-(aminobenzenesulfonamidyl)alkenol (18;
∼0.8–1.6 mmol, 1.0 eq) in anhydrous dichloromethane (10 ml) was added solid sodium hydro-
gen carbonate (2.1 eq) and 9-fluorenylmethyl chloroformate (2.1 eq) and the reaction mixture
was left stirring at room temperature under nitrogen for a total of 6–8 hours, whilst being mon-
itored by TLC. Upon completion of the reaction, the solvent was removed in vacuo and the
crude product was purified by column chromatography (eluent: PE:EtOAc/3:1) to yield the
desired {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl} alkenols, as follows:

4-{o-[(9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-but-1-en-3-ol was ob-
tained as a colourless solid (0.3085 g, 81% yield) from 4-(o-aminobenzenesulfonamidyl)-but-
1-en-3-ol (18a; 0.2000 g, 0.82 mmol), mp 204–205 ◦C.

δH (400 MHz, CDCl3): 2.90 (1 H, ddd, J 12.8, 8.0, 4.7, CH2NH), 3.15 (1 H, ddd, J 11.7,
8.0, 3.7, CH2NH), 3.57 (1 H, s, br, OH), 4.05–4.12 (1 H, m, CHOH), 4.33 (1 H, t, J 7.1,
CHCH2OCONH), 4.52 (2H, d, J 7.2, CHCH2OCONH), 5.02 (1 H, q, J 5.7, SO2NH), 5.18
(1 H, d, J 10.5, HC=CH2), 5.25 (1 H, d, J 17.3, HC=CH2), 5.71 (1 H, ddd, J 17.1, 10.8,
5.7, H2C=CH), 7.22 (1 H, t, J 7.7, ArH ), 7.36 (2H, t, J 7.5, 2 × ArH ), 7.45 (2H, t, J

7.5, 2 × ArH ), 7.59 (1 H, t, J 7.8, ArH ), 7.65 (2H, d, J 7.4, 2 × ArH ), 7.81 (2H, d, J

7.5, 2 × ArH ), 7.90 (1 H, dd, J 8.0, 1.0, ArH ), 8.15 (1 H, d, br, J 7.8, ArH ), 8.69 (1 H, s,
br, CO2NH). δC (100 MHz, CDCl3): 46.9 (CH), 47.9 (CH2), 67.7 (CH2), 70.9 (CH), 111.3
(CH2), 117.5 (q), 118.0 (q), 120.1 (CH), 122.3 (CH), 123.5 (CH), 125.1 (CH), 127.2 (CH),
127.9 (CH), 129.4 (CH), 134.3 (CH), 136.8 (CH), 141.4 (q), 143.6 (q), 153.3 (q, CO2NH).
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υmax (cm−1): 3512 (bw), 3355 (bm), 2925 (m), 2853 (m), 1735 (s), 1588 (s), 1530 (s), 1469
(m), 1458 (s), 1329 (s), 1291 (m), 1250 (m), 1154 (s), 1132 (m), 1082 (m), 1047 (m), 933 (w),
757 (s), 668 (m). ESI+ mass spectrum (m/z, %): 487 ([M+Na]+, 55%), 465 ([M]+, 20%).
HRMS (CI+): found [M+NH4]+ 482.1747, C25H24N2O5S requires 482.1750. C, H, N(%):
found C 64.4, H 5.1, N 5.9; C25H24N2O5S requires C 64.6, H 5.2, N 6.0.

4-{o-[(9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-2-methyl-but-1-en-3-ol
was obtained as a colourless solid (0.5675 g, 76% yield) from 4-(o-aminobenzenesulfona-
midyl)-2-methyl-but-1-en-3-ol (18b; 0.4000 g, 1.56 mmol), mp 198–200 ◦C.

δH (400 MHz, CDCl3): 1.60 (3 H, s, CH3), 1.94 (1 H, d, J 3.7, OH), 2.93 (1 H, ddd, J 12.7,
8.4, 4.1, CH2NH), 3.18 (1 H, ddd, J 12.3, 8.2, 4.1, CH2NH), 3.95 (1 H, ddd, J 12.5, 11.9, 3.9,
CHOH), 4.32 (1 H, t, J 7.1, CHCH2OCONH), 4.52 (2H, d, J 7.2, CHCH2OCONH), 4.88
(1 H, s, HC=CH2), 4.93 (1 H, s, HC=CH2), 5.07 (1 H, dd, J 8.1, 3.9, SO2NH), 7.21 (1 H,
t, J 7.8, ArH ), 7.36 (2H, t, J 7.4, 2 × ArH ), 7.44 (2H, t, J 7.4, 2 × ArH ), 7.58 (1 H, t, J

7.2, ArH ), 7.65 (2H, d, J 7.4, 2 × ArH ), 7.81 (2H, d, J 7.5, 2 × ArH ), 7.91 (1 H, dd, J 8.0,
1.4, ArH ), 8.15 (1 H, d, br, J 8.0, ArH ), 8.72 (1 H, s, br, CO2NH). δC (100 MHz, CDCl3):
18.2 (CH3), 46.7 (CH2), 46.9 (CH), 67.7 (CH2), 73.2 (CH), 112.6 (CH2), 120.1 (CH), 122.2
(CH), 122.8 (q), 123.4 (CH), 125.1 (CH), 127.2 (CH), 127.9 (CH), 129.3 (CH), 134.3 (CH),
136.1 (q), 141.3 (q), 143.6 (q), 143.9 (q), 153.3 (q, CO2NH). υmax (cm−1): 3515 (bw), 3354
(bm), 2924 (m), 2851 (m), 1737 (s), 1588 (s), 1530 (s), 1470 (m), 1444 (s), 1328 (s), 1291
(m), 1249 (m), 1153 (s), 1133 (m), 1083 (m), 1049 (m), 910 (w), 757 (s), 668 (m). ESI+ mass
spectrum (m/z, %): 979 ([2M+Na]+, 5%), 957 ([2M]+, 15%), 501 ([M+Na]+, 20%), 479
([M]+, 70%). C, H, N(%): found C 65.5, H 5.4, N 5.9; C26H26N2O5S requires C 65.2, H 5.5,
N 5.9.

(E)-5-{o-[(9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-hex-2-en-4-ol was
obtained as a colourless solid (0.3930 g, 72% yield) from (E)-5-(o-aminobenzene-
sulfonamidyl)-hex-2-en-4-ol (18c; 0.3000 g, 1.11 mmol, 1.0 eq), mp 186–187 ◦C.

δH (400 MHz, CDCl3): 1.09 (3 H, d, J 6.7, CH3CHNH), 1.59 (3 H, dd, J 6.5, 1.5,
CH3CH=CH), 1.88 (1 H, s, br, OH), 3.21 (1 H, q, J 6.0, MeCHNH), 3.80 (1 H, t, J 6.2,
CHOH), 4.32 (1 H, t, J 6.7, CHCH2OCONH), 4.51 (2H, d, J 7.2, CHCH2OCONH), 5.12
(1 H, d, br, J 7.6, SO2NH), 5.24 (1 H, ddd, J 15.3, 7.5, 1.6, MeHC=CH), 5.64 (1 H, dq, J

15.3, 6.6, HC=CHMe), 7.18 (1 H, t, J 7.1, ArH ), 7.36 (2H, t, J 7.5, 2 × ArH ), 7.44 (2H,
t, J 7.4, 2 × ArH ), 7.55 (1 H, t, J 7.0, ArH ), 7.64 (2H, t, J 6.8, 2 × ArH ), 7.80 (2H, d, J

7.5, 2 × ArH ), 7.91 (1 H, dd, J 8.0, 1.5, ArH ), 8.16 (1 H, d, br, J 7.5, ArH ), 8.79 (1 H, s, br,
CO2NH). δC (100 MHz, CDCl3): 17.7 (CH3), 18.1 (CH3), 46.9 (CH), 54.2 (CH), 67.6 (CH2),
75.3 (CH), 120.1 (CH), 121.8 (CH), 123.2 (CH), 125.0 (CH), 127.2 (CH), 127.8 (CH), 129.3
(CH), 129.5 (CH), 130.4 (CH), 134.0 (CH), 136.0 (q), 141.3 (q), 143.6 (q), 153.2 (q, CO2NH).
υmax (cm−1): 3512 (bw), 3354 (bm), 2923 (m), 2850 (m), 1736 (s), 1589 (s), 1530 (s), 1470
(m), 1444 (s), 1329 (s), 1291 (s), 1247 (m), 1155 (s), 1133 (m), 1081 (m), 1049 (m), 967 (m),
758 (s), 668 (m). ESI+ mass spectrum (m/z, %): 515 ([M+Na]+, 100%). C, H, N (%): found
C 65.7, H 5.7, N 5.8; C27H28N2O5S requires C 65.8, H 5.7, N 5.7.

4.4.2 Stage 2. Formation of {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfon-
amidyl} alkenones (24) by oxidation of the {o-[(9’-fluorenylmethoxycarbonyl)amino]ben-
zenesulfonamidyl} alkenols. To a solution of Dess-Martin periodinane (1.1 eq)
in anhydrous dichloromethane (10 ml) was added a solution of the o-[N -(9-
fluorenylmethoxycarbonyl)aminobenzenesulfonamidyl] alkenol from Stage 1 in anhydrous
dichloromethane (5 ml) at room temperature and the reaction mixture was stirred for 1 hour,
whilst being monitored byTLC. Upon completion of the reaction the solvent was evaporated off
and the crude product was purified by flash column chromatography (eluent: PE:EtOAc/3:1)
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to yield the {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl} alkenones (24),
as follows:

4-{o-[(9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-but-1-en-3-one (24a)
was obtained as a slightly unstable (noticeable degradation after two days at room temperature)
pale yellow oil (0.0477 g, 78% yield) from 4-{o-[(9’-fluorenylmethoxycarbonyl)amino]ben-
zenesulfonamidyl}-but-1-en-3-ol (0.0600 g, 0.13 mmol).

δH (400 MHz, CDCl3): 4.05 (2H, d, J 4.7, CH2NH), 4.36 (1 H, t, J 7.3, CHCH2OCONH),
4.52 (2H, d, J 7.4, CHCH2OCONH), 5.73 (1 H, t, br, J 4.5, SO2NH), 5.93 (1 H, dd, J 9.8,
1.5, H2C=CH), 6.21–6.34 (2H, m, HC=CH2), 7.19 (1 H, t, J 7.6, ArH ), 7.37 (2H, t, J

7.4, 2 × ArH ), 7.45 (2H, t, J 7.4, 2 × ArH ), 7.58 (1 H, t, J 7.8, ArH ), 7.77 (2H, d, J 7.4,
2 × ArH ), 7.81 (2H, d, J 7.5, 2 × ArH ), 7.89 (1 H, dd, J 8.0, 1.3, ArH ), 8.23 (1 H, d, br,
J 8.1, ArH ), 8.82 (1 H, s, br, CO2NH). δC (100 MHz, CDCl3): 46.9 (CH), 49.2 (CH2), 67.7
(CH2), 120.0 (CH), 121.9 (CH), 123.1 (CH), 125.1 (CH), 125.9 (q), 127.2 (CH), 127.8 (CH),
129.2 (CH), 130.8 (CH2), 132.7 (CH), 134.5 (CH), 136.4 (q), 141.3 (q), 143.6 (q), 153.1 (q,
CO2NH), 192.1 (q, C=O). υmax (cm−1): 3355 (bm), 2920 (s), 2850 (s), 1735 (s), 1589 (s),
1529 (s), 1470 (m), 1459 (s), 1330 (s), 1291 (m), 1240 (m), 1155 (s), 1133 (m), 1079 (m),
1048 (m), 756 (s), 667 (m). ESI+ mass spectrum (m/z, %): 485 ([M+Na]+, 40%); CI mass
spectrum (m/z, %): 480 ([M+NH4]+, 50%).

4-{ o-[( 9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl }-2-methyl-but-1-en-3-
one (24b) was obtained as a pale yellow oil which solidified on standing (0.1700 g, 85% yield)
from 4-{o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-2-methyl-but-1-en-
3-ol (0.2000 g, 0.42 mmol), mp 176–178 ◦C.

δH (400 MHz, CDCl3): 1.84 (3 H, s, CH3), 4.18 (2H, d, J 4.6, CH2NH), 4.36 (1 H, t, J 7.3,
CHCH2OCONH), 4.51 (2H, d, J 7.4, CHCH2OCONH), 5.70 (1 H, t, J 4.4, SO2NH), 5.84
(2H, dd, J 5.0, 1.5, MeC=CH2), 7.19 (1 H, td, J 8.0, 0.8, ArH ), 7.37 (2H, td, J 7.6, 0.9,
2 × ArH ), 7.45 (2H, t, J 7.3, 2 × ArH ), 7.58 (1 H, td, J 8.4, 1.2, ArH ), 7.68 (2H, d, J 7.4,
2 × ArH ), 7.81 (2H, d, J 7.5, 2 × ArH ), 8.00 (1 H, dd, J 7.8, 1.6, ArH ), 8.24 (1 H, d, br,
J 8.2, ArH ), 8.86 (1 H, s, br, CO2NH). δC (100 MHz, CDCl3): 17.2 (CH3), 46.9 (CH), 47.5
(CH2), 67.8 (CH2), 120.0 (CH), 121.8 (CH), 123.1 (CH), 125.1 (CH), 126.0 (CH2), 126.3
(q), 127.2 (CH), 127.8 (CH), 129.2 (CH), 134.4 (CH), 136.4 (q), 141.3 (q), 141.7 (q), 143.6
(q), 153.1 (q, CO2NH), 193.3 (q, C=O). υmax (cm−1): 3349 (bm), 2924 (s), 2851 (s), 1733
(bs), 1587 (s), 1530 (s), 1470 (m), 1444 (s), 1330 (s), 1291 (m), 1236 (m), 1154 (s), 1133 (m),
1083 (m), 1048 (m), 757 (s), 668 (m). ESI+ mass spectrum (m/z, %): 499 ([M+Na]+, 65%),
478 ([M+H]+, 6%). C, H, N (%): found C 65.7, H 5.0, N 6.0; C26H24N2O5S requires C 65.5,
H 5.1, N 5.9.

(E)-5-{ o-[( 9’-Fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-hex-2-en-4-one
(24c) was obtained as a pale yellow oil which solidified on standing (0.2650 g, 76%
yield) from (E)-5-{o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-hex-2-
en-4-ol (0.3500 g, 0.71 mmol), mp 173–176 ◦C.

δH (400 MHz, CDCl3): 1.31 (3 H, d, J 7.2, CH3CHNH), 1.86 (3 H, dd, J 6.9, 1.6,
CH3CH=CH), 4.17 (1 H, dq, J 7.4, 7.2, MeCHNH), 4.37 (1 H, t, J 7.4, CHCH2OCONH),
4.47–4.58 (2 H, m, CHCH2OCONH), 5.92 (1 H, d, J 7.1, SO2NH), 6.04 (1 H, dq, J 14.1,
1.5, HC=CHMe), 6.90 (1 H, dq, J 13.7, 6.9, MeHC=CH), 7.16 (1 H, td, J 7.8, 1.0, ArH ),
7.37 (2 H, td, J 7.4, 1.1, 2 × ArH ), 7.45 (2 H, t, J 7.4, 2 × ArH ), 7.55 (1 H, td, J 7.9, 1.4,
ArH ), 7.69 (2H, t, J 7.4, 2 × ArH ), 7.81 (2H, d, J 7.5, 2 × ArH ), 7.86 (1 H, dd, J 8.0, 1.5,
ArH ), 8.22 (1 H, d, br, J 8.1, ArH ), 8.81 (1 H, s, br, CO2NH). δC (100 MHz, CDCl3): 18.5
(CH3), 19.5 (CH3), 46.9 (CH), 55.2 (CH), 67.7 (CH2), 120.0 (CH), 121.7 (CH), 123.0 (CH),
125.1 (CH), 126.7 (CH), 127.2 (CH), 127.8 (CH), 129.1 (CH), 134.3 (CH), 136.4 (q), 141.3
(q), 141.7 (q), 143.5 (q), 146.4 (CH), 153.0 (q, CO2NH), 195.5 (q, C=O). υmax (cm−1): 3347
(bm), 2929 (m), 2851 (m), 1740 (s), 1587 (s), 1530 (s), 1470 (m), 1442 (s), 1332 (s), 1291
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(s), 1240 (s), 1154 (s), 1132 (m), 1079 (s), 1048 (s), 759 (s), 668 (m). ESI+ mass spectrum
(m/z, %): 1003 ([2M+Na]+, 15%), 513 ([M+Na]+, 100%), 491 ([M+H]+, 15%). C, H, N
(%): found C 66.4, H 5.4, N 5.8; C27H26N2O5S requires C 66.1, H 5.4, N 5.7.

4.5 Synthesis of 2,3-dihydro-3-hydroxy-1,2,5-benzothiadiazepine 1,1-dioxides (27)

A solution of the {o-[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}alkenone
(24; ∼0.4–0.5 mmol) in a mixture of triethylamine and anhydrous dichloromethane (1:1 V/V,
10 ml) was heated at reflux under an atmosphere of dry nitrogen whilst being monitored by
TLC. Upon completion (approx. 15 hours) of the reaction, the solvent was evaporated off and
the crude residue was purified by flash silica column chromatography (eluent: PE:EtOAc/1:1)
to yield the 1,2,5-benzothiadiazepine 1,1-dioxides (27) as follows:

4-Ethyl-2,3-dihydro-3-hydroxy-1,2,5-benzothiadiazepine 1,1-dioxide (27a) was obtained
as a light yellow oil which solidified on standing (0.0716 g, 69% yield) from 4-{o-[(9’-
fluorenylmethoxycarbonyl) amino]benzenesulfonamidyl]}-but-1-en-3-one (24a; 0.2000 g,
0.43 mmol), mp: 89–92 ◦C.

δH (400 MHz, CDCl3): 1.06 (3 H, t, J 7.4, CH3), 1.87 (1 H, dq, J 7.4, 3.8, MeCH2), 2.08
(1 H, m, MeCH2), 3.6–3.8 (1 H, bs, OH), 4.49 (1 H, d, J 3.8, CHOH), 7.12 (1 H, d, J 8.2,
ArH ), 7.45 (1 H, t, J 7.7, ArH ), 7.57 (1 H, t, J 7.7, ArH ), 7.96 (1 H, d, J 8.0, ArH ). δC

(100 MHz, CDCl3): 9.1 (CH3), 28.5 (CH2), 72.3 (CHOH), 117.0 (CH), 121.6 (q), 124.7
(CH), 127.2 (CH), 132.9 (CH), 133.6 (q), 160.4 (q). υmax (cm−1): 3475 (bm), 3277 (bm),
2963 (m), 2927 (m), 1604 (m), 1560 (w), 1525 (m), 1481 (m), 1440 (w), 1297 (m), 1261 (s),
1158 (s), 1079 (s), 1020 (s), 801 (s), 759 (s). ESI+ mass spectrum (m/z, %): 743 ([3M+Na]+,
5%), 503 ([2M+Na]+, 30%), 481 ([2M+H]+, 6%), 263 ([M+Na]+, 70%), 241 ([M+H]+,
100%). HRMS (ESI+): found [M+H]+ 241.0642, C10H12N2O3S requires 241.0647. C, H,
N(%): found C 49.9, H 5.1, N 11.9; C10H12N2O3S requires C 50.0, H 5.0, N 11.7.

2,3-Dihydro-3-hydroxy-4-(i-propyl)-1,2,5-benzothiadiazepine 1,1-dioxide (27b) was sim-
ilarly obtained as a yellow solid (0.0830 g, 62% yield), mp: 117–119 ◦C from 4-{o-
[(9’-fluorenylmethoxycarbonyl) aminobenzenesulfonamidyl}-but-1-en-3-one (24b; 0.2500 g,
0.53 mmol).

δH (400 MHz, CDCl3): 0.87 (3 H, d, J 6.9, CH3), 1.07 (3 H, d, J 6.9, CH3), 2.34 (1 H,
qq, J 6.8, 6.7, Me2CH), 3.4–3.5 (1 H, bs, OH), 4.33 (1 H, d, J 3.3, CHOH), 7.13 (1 H, d, J

8.2, ArH ), 7.43 (1 H, t, J 7.6, ArH ), 7.54 (1 H, t, J 7.8, ArH ), 7.92 (1 H, d, J 7.9, ArH ),
9.40 (1 H, s, br, SO2NH). δC (100 MHz, CDCl3): 15.3 (CH3), 19.0 (CH3), 32.8 (CH), 75.1
(CH), 117.2 (CH), 121.6 (q), 124.5 (CH), 127.1 (CH), 133.0 (CH), 133.6 (q), 160.8 (q). υmax

(cm−1): 3477 (bm), 3261 (bm), 2965 (m), 2930 (m), 1602 (m), 1560 (w), 1523 (m), 1482
(m), 1442 (w), 1297 (s), 1260 (s), 1161 (s), 1082 (s), 1028 (s), 800 (s), 756 (m). EI+ mass
spectrum (m/z, %): 254 ([M]+, 2%), 237 ([M–OH]+, 4%), 212 ([(M-CHMe2)+H]+, 25%),
196 (20%), 147 (70%), 119 (50%), 108 (15%), 91 (45%), 77 (15%), 64 (25%). ESI+ mass
spectrum (m/z, %): 785 ([3M+Na]+, 4%), 763 ([3M+H]+, 2%), 531 ([2M+Na]+, 35%),
509 ([2M+H]+, 10%), 277 ([M+Na]+, 35%), 255 ([M+H]+, 100%). HRMS (ESI+): found
[M+H]+ 255.0803, C11H14N2O3S requires 255.0803. C, H, N (%): found C 51.8, H 5.6, N
10.8; C11H14N2O3S requires C 52.0, H 5.5, N 11.0.

2,3-Dihydro-3-hydroxy-3-methyl-4-propyl-1,2,5-benzothiadiazepine 1,1-dioxide (27c) was
obtained as a yellow solid (0.0621 g, 57%), mp: 107–111 ◦C from (E)-5-{o-
[(9’-fluorenylmethoxycarbonyl)amino]benzenesulfonamidyl}-hex-2-en-4-one (24c, 0.2000 g,
0.41 mmol).

δH (400 MHz, CDCl3): 1.32 (3 H, t, J 10.2, CH3), 1.63 (2H, m, CH2CH2Me), 1.80 (1 H,
m, CH2CH2Me), 2.02 (3 H, s, CH3), 2.08 (1 H, dt, J 10.4, 7.8, CH2CH2Me), 3.2–3.4 (1 H,
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bs, OH), 4.83 (1 H, bs, CHOH), 6.87 (1 H, dt, J 14.8, 6.9, ArH ), 7.11 (1 H, s, br, SO2NH),
7.35 (1 H, dt, J 7.9, 1.4, ArH ), 7.55 (1 H, dd, J 5.6, 2.2, ArH ), 7.73 (1 H, dd, 5.6, 2.2,
ArH ), 7.79 (1 H, dd, J 8.0, 1.2, ArH ). δC (100 MHz, CDCl3): 14.0 (CH3), 23.7 (CH3), 28.1
(CH2), 31.7 (CH2), 79.0 (q, C(OH)Me), 128.4 (CH), 128.8 (q), 128.8 (CH), 130.9 (CH),
134.2 (CH), 144.6 (q), 167.8 (q). υmax (cm−1, chloroform): 3377 (bs), 3100 (bs), 2965 (m),
1624 (m), 1482 (w), 1314 (w), 1482 (m), 1154 (m), 1107 (m), 1088 (w). EI+ mass spectrum
(m/z, %): 268 ([M]+, 2%), 253 ([M-CH3]+, 10%), 250 ([M–H2O]+, 14%), 217 (25%), 169
(100%), 154 (70%), 108 (15%), 91 (45%), 77 (15%), 64 (25%). ESI+ mass spectrum (m/z,
%): 269 ([M+H]+, 100%), 291 ([M+Na]+, 20%), 537 ([2M+H]+, 10%). HRMS (ESI+):
found [M+H]+ 269.0960, C12H16N2O3S requires [M+H+] 269.0960. C, H, N (%): found C
54.0, H 5.8, N 10.4; C12H16N2O3S requires C 53.7, H 6.0, N 10.4.

4.6 Synthesis of (o-nitrobenzenesulfonamidyl)alkenols (37)

4.6.1 Method 1. Synthesis of compounds (37a/b/c) from o-nitrobenzenesulfonamide
(‘in situ’ method). To a solution of o-nitrobenzenesulfonamide (∼5–10 mmol, 1.0 eq) and
anhydrous pyridine (2.0 eq) in anhydrous tetrahydrofuran (15 ml), under an atmosphere of dry
nitrogen, was added, dropwise with stirring over a period of 3 hours, a solution of thionyl
chloride (1.0 eq) in anhydrous tetrahydrofuran (5 ml), to yield the crude N -sulfinyl compound
(33). Stirring of the crude reaction mixture was continued for a further 30 minutes, followed
by dropwise addition of the appropriate 1,3-diene (isoprene and hexadiene used 1.6 eq at room
temperature; butadiene used 10 eq at −20 ◦C), and the whole was left stirring at room temper-
ature for 12–16 hours (isoprene and hexadiene) or at −20 ◦C for 6–8 hours (butadiene), whilst
being monitored by TLC. Upon completion of the reaction, stirring was ceased and, under an
atmosphere of dry nitrogen, the supernatant solution was transferred into a second dry flask
via a syringe leaving the unwanted pyridinium hydrochloride precipitate behind, which was
washed with anhydrous tetrahydrofuran (5 × 10 ml) and the washings transferred to the second
flask. To the crude adduct solution was added, with stirring, a solution of phenylmagnesium
bromide (3M in ether, 2.0 eq) at −78 ◦C under an atmosphere of dry nitrogen. The reaction
mixture was kept at low temperature (<−40 ◦C) for 3–4 hours, whilst being monitored by
TLC. Upon completion of the reaction, the mixture was quenched at −20 ◦C with saturated
ammonium chloride solution (15 ml) and allowed to warm to room temperature. The mixture
was extracted with ethyl acetate (4 × 50 ml) and the combined extracts washed with water
(2 × 10 ml) and brine (10 ml). The organic phase was collected, dried (MgSO4), filtered and
the solvent evaporated off to yield the crude phenyl allylic sulfoxide which was not purified
further. To a solution of the crude allylic sulfoxide in anhydrous methanol (10 ml) was added
trimethyl phosphite (2.0 eq), under an atmosphere of dry nitrogen, and the whole was heated
under reflux for a total of 10–15 hours. Upon completion of the reaction (TLC), the solvent was
removed in vacuo and the crude product was purified by flash silica column chromatography
(eluent: PE:EtOAc/5:2) to yield the (o-nitrobenzenesulfonamidyl)alkenols (37) as follows:

4-(o-Nitrobenzenesulfonamidyl)-but-1-en-3-ol (37a) was obtained as a light yellow solid
(1.0230 g, 38% yield) over the four steps from o-nitrobenzenesulfonamide (2.000 g,
9.90 mmol); mp 189–191 ◦C.

δH (400 MHz, CDCl3): 3.08 (1 H, ddd, J 12.2, 7.3, 4.7, CH2NH), 3.31 (1 H, ddd, J 12.4,
7.1, 4.6, CH2NH), 4.33 (1 H, m, CHOH), 5.11 (1 H, d, J 10.5, HC=CH2), 5.19 (1 H, d, J

14.8, HC=CH2), 5.74 (1 H, ddd, J 15.1, 10.7, 6.6, HC=CH2), 5.97 (1 H, s, br, NH), 7.72–
7.77 (2H, m, 2 × ArH ), 7.87 (1 H, dt, J 7.8, 1.2, ArH ), 8.08 (1 H, dd, J 8.2, 0.9, ArH ). δC

(100 MHz, CDCl3): 45.3 (CH2), 69.7 (CHOH), 112.6 (CH2), 118.1 (CH), 127.8 (CH), 129.0
(CH), 131.1 (CH), 134.8 (CH), 140.6 (q), 147.9 (q). υmax (cm−1): 3576 (bm), 3301 (bm),
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3111 (m), 2928 (w), 1588 (m), 1547 (s), 1236 (m), 1166 (s), 1108 (m), 1086 (m), 1008 (m).
ESI+ mass spectrum (m/z, %): 295 ([M+Na]+, 14%), 273 ([M+H]+, 34%). C, H, N (%):
found C 44.4, H 4.6, N 10.2; C10H12N2O5S requires C 44.1, H 4.4, N 10.3.

2-Methyl-4-(o-nitrobenzenesulfonamidyl)-but-1-en-3-ol (37b) was obtained as a yellow
waxy solid (0.6330 g, 45% yield) over the four steps from o-nitrobenzenesulfonamide (1.000 g,
4.95 mmol).

δH (400 MHz, CDCl3): 1.69 (3 H, s, CH3), 2.40 (1 H, s, br, OH), 3.08 (1 H, ddd, J 12.6,
7.7, 4.7, CH2NH), 3.27–3.38 (1 H, m, CH2NH), 4.17–4.19 (1 H, m, CHOH), 4.91 (1 H, s,
MeC=CH2), 5.01 (1 H, s, MeC=CH2), 5.78 (1 H, s, br, NH), 7.72–7.77 (2H, m, 2 × ArH ),
7.83–7.93 (1 H, m, ArH ), 8.11–8.15 (1 H, m, ArH ). δC (100 MHz, CDCl3): 18.3 (CH3), 47.5
(CH2), 73.4 (CHOH), 112.6 (CH2), 125.4 (CH), 130.9 (CH), 132.8 (CH), 133.6 (CH), 140.1
(q), 143.9 (q), 147.9 (q). υmax (cm−1): 3550 (bm), 3333 (bm), 3096 (m), 2953 (m), 1594 (m),
1539 (s), 1441 (m), 1410 (m), 1343 (s), 1239 (m), 1166 (s), 1126 (m), 1090 (m), 1024 (m),
912 (m), 854 (m), 783 (m), 741 (m). ESI+ mass spectrum (m/z, %): 309 ([M+Na]+, 45%),
287 ([M+H]+, 4%). C, H, N (%): found C 46.4, H 4.8, N 9.8; C11H14N2O5S requires C 46.1,
H 4.9, N 9.8.

(E)-5-(o-Nitrobenzenesulfonamidyl)-hex-2-en-4-ol (37c) was obtained as a yellow solid
(0.6490 g, 44% yield), mp: 163–166 ◦C, over the four steps from o-nitrobenzenesulfonamide
(1.000 g, 4.95 mmol).

δH (400 MHz, CDCl3): 1.14 (3 H, d, J 6.8, CH3CH=CH), 1.55 (3 H, dd, J 6.4, 1.0,
CH3CHNH), 2.35 (1 H, s, br, OH), 3.42–3.51 (1 H, m, MeCHNH), 3.92 (1 H, dd, J 6.8, 5.3,
CHOH), 5.31 (1 H, ddd,J 15.3, 7.3, 1.5, CH=CHMe), 5.67 (1 H, dq,J 15.4, 6.6, MeHC=CH),
5.70 (1 H, d, br, J 7.0, NH), 7.71–7.74 (2H, m, 2 × ArH ), 7.84–7.87 (1 H, m,ArH ), 8.12–8.14
(1 H, m, ArH ). δC (100 MHz, CDCl3): 17.6 (CH3), 18.1 (CH3), 54.8 (CH), 75.1 (CHOH),
125.2 (CH), 129.7 (CH), 129.9 (CH), 130.6 (CH), 132.8 (CH), 133.3 (CH), 134.7 (q), 147.6
(q). υmax (cm−1): 3550 (bm), 3365 (bm), 3097 (m), 2955 (m), 1671 (w), 1594 (w), 1541 (s),
1442 (m), 1410 (m), 1362 (s), 1241 (m), 1169 (s), 1125 (m), 1061 (m), 1025 (m), 968 (m), 854
(m), 784 (m), 743 (m). CI+ mass spectrum (m/z, %): 318 ([M+NH4]+, 100%), 300 ([M]+,
45%). C, H, N (%): found C 48.3, H 5.2, N 9.3; C12H16N2O5S requires C 48.0, H 5.4, N 9.3.

4.6.2 Method 2. (E)-5-(o-Nitrobenzenesulfonamidyl)-hex-2-en-4-ol (37c) from the
thiazine 1-oxide (34c). Stage 1: Synthesis of 3,6-dihydro-3,6-dimethyl-2-(o-nitrobenzene-
sulfonyl)-1,2-thiazine 1-oxide (34c). To a solution of o-nitrobenzenesulfonamide (1.000 g,
4.95 mmol, 1.0 eq) in anhydrous benzene (15 ml) [CAUTION: SUSPECTED CARCINO-
GEN – see above for an alternative synthesis of compound 37c] was added, under an
atmosphere of dry nitrogen, thionyl chloride (0.54 ml, 7.42 mmol), and the whole was
heated at reflux in an oil bath for 3 days (72 hours). The reaction mixture was allowed
to cool to room temperature and the solvent and excess thionyl chloride were removed
in vacuo to yield N -sulfinyl-o-nitrobenzenesulfonamide (33) as a brown oil. To the crude
N -sulfinyl-o-nitrobenzenesulfonamide (33) in anhydrous tetrahydrofuran (15 ml) was added
2,4-hexadiene (0.90 ml, 7.91 mmol) and the reaction mixture was stirred at room temperature
whilst being monitored by TLC. After completion of the reaction (16 hours) the solvent was
removed in vacuo and the crude product was purified by flash silica chromatography (eluent:
PE:EtOAc/2:1) to yield 3,6-dihydro-3,6-dimethyl-2-(o-nitrobenzenesulfonyl)-1,2-thiazine
1-oxide (34c; 0.9830 g, 60% yield) as a pale yellow solid, mp: 110–112 ◦C.

δH (400 MHz, CDCl3): 1.39 (3 H, d, J 7.4, CH3CHS=O), 1.56 (3 H, d, J 7.0, CH3CHN),
3.30–3.38 (1 H, m, MeCHS=O), 4.57 (1 H, ddq, J 11.1, 3.4, 1.8, MeCHN), 5.45 (1 H, ddd,
J 11.0, 2.5, 2.0, HC=CH), 5.96 (1 H, ddd, J 11.0, 3.4, 2.9, HC=CH), 7.71–7.91 (3 H, m,
3 × ArH ), 8.19 (1 H, dd, J 8.3, 1.1, ArH ). δC (100 MHz, CDCl3): 15.7 (CH3), 23.5 (CH3),
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51.8 (CH), 53.1 (CH), 119.5 (CH), 124.8 (CH), 129.5 (CH), 131.3 (CH), 132.5 (CH), 133.0
(q), 134.8 (CH), 147.6 (q). υmax (cm−1): 3106 (w), 2934 (w), 1593 (w), 1545 (s), 1442 (m),
1371 (s), 1301 (w), 1173 (s), 1131 (m), 1108 (m), 1059 (m), 990 (w), 853 (m), 758 (s), 658
(m), 626 (m). EI+ mass spectrum (m/z, %): 331 ([M+H]+, 2%), 282 ([M–SO]+, 2%), 186
(20%), 144 (10%), 96 (10%), 82 (100%), 67 (85%), 64 (30%). CI+ mass spectrum (m/z, %):
348 ([M+NH4]+, 100%), 331 ([M+H]+, 15%). HRMS (ESI+): found [M+H]+ 331.0419,
C12H14N2O5S2 requires 331.0422. C, H, N(%): found C 43.7, H 4.3, N 8.6; C12H14N2O5S2

requires C 43.6, H 4.3, N 8.5.
Stage 2. Synthesis of (E)-5-(o-nitrobenzenesulfonamidyl)-hex-2-en-4-ol (37c). A solution

of phenylmagnesium bromide (3 M in ether, 2.0 eq) was added with stirring to a solution
of 3,6-dihydro-3,6-dimethyl-2-(o-nitrobenzenesulfonyl)-1,2-thiazine 1-oxide (34c; 1.000 g,
3.03 mmol) in anhydrous tetrahydrofuran (10 ml) at −78 ◦C, under an atmosphere of dry
nitrogen. The reaction mixture was kept at low temperature (<−40 ◦C) for 3–4 hours, whilst
being monitored by TLC. Upon completion of the reaction, the mixture was quenched at
−20 ◦C with saturated ammonium chloride solution (15 ml) and allowed to warm to room
temperature. The mixture was extracted with ethyl acetate (2 × 10 ml) and washed with water
(2 × 10 ml) and brine (10 ml). The organic phase was collected, dried (MgSO4), filtered and
the solvent evaporated off to yield the intermediate phenyl allylic sulfoxide which was not
purified further. To a solution of the crude allylic sulfoxide in anhydrous methanol (10 ml) was
added trimethyl phosphite (2.0 eq), under an atmosphere of dry nitrogen, and the whole was
heated at reflux temperature for a total of 12–15 hours. Upon completion of the reaction (TLC),
the solvent was removed in vacuo and the crude product was purified by flash silica column
chromatography (eluent: PE:EtOAc/5:2) to yield (E)-5-(o-nitrobenzenesulfonamidyl)-hex-2-
en-4-ol (37c) as a yellow oil (0.8100 g, 89% yield), which solidified on standing and was
identical in all aspects to that obtained in Method 1, above.

4.7 Synthesis of (o-nitrobenzenesulfonamidyl)alkenones (38) by oxidation of alkenols
(37)

To a solution of Dess-Martin periodinane (1.1 eq) in dry dichloromethane (10 ml) was added
a solution of the allylic alcohol (37; 1–2 mmol, 1.0 eq) in dry dichloromethane (5 ml) at room
temperature and the reaction mixture was stirred for 1 hour, whilst being monitored by TLC.
Once the reaction was complete, the solvent was evaporated off and the crude product was
purified by flash silica column chromatography (eluent: PE:EtOAc/5:2) to yield the following
products:

4-(o-Nitrobenzenesulfonamidyl)-but-1-en-3-one (38a) was obtained as an unstable (decom-
poses in less than one day at room temperature), partially characterised yellow oil (0.1980 g,
78% yield) from 4-(o-nitrobenzenesulfonyl)-but-1-en-3-ol (37a; 0.3500 g, 1.29 mmol).

δH (400 MHz, CDCl3): 3.85 (2H, d, J 12.6, CH2NH), 5.71 (1 H, dd, J 9.1, 2.3, HC=CH2),
5.98 (1 H, dd, J 14.8, 2.5, HC=CH2), 6.34 (1 H, dd, J 14.6, 9.3, HC=CH2), 6.40 (1 H, s,
br, NH), 7.78–7.82 (2 H, m, 2 × ArH ), 7.81 (1 H, dt, J 7.8, 1.2, ArH ), 8.10 (1 H, dd, J 8.1,
0.9, ArH ). δC (100 MHz, CDCl3): 61.2 (CH2), 117.4 (CH2), 125.4 (CH), 130.9 (CH), 131.0
(CH), 132.8 (CH), 133.6 (CH), 136.8 (q), 146.3 (q), 185.1 (q, C = O). υmax (cm−1): 3462
(bm), 3330 (bm), 2945 (w), 1709 (s), 1598 (m), 1553 (s), 1170 (s), 1111 (m), 1008 (m). ESI+
mass spectrum (m/z, %): 293 ([M+Na]+, 100%), 271 ([M+H]+, 20%).

2-Methyl-4-(o-nitrobenzenesulfonamidyl)-but-1-en-3-one (38b) was obtained as a par-
tially characterised unstable (decomposed fully over two days at room temperature) yellow
oil (0.2200 g, 89% yield) from 2-methyl-4-(o-nitrobenzenesulfonyl)-but-1-en-3-ol (37b;
0.2500 g, 1.40 mmol).
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δH (400 MHz, CDCl3): 1.85 (3 H, s, CH3), 4.44 (2 H, d, J 4.7, CH2NH), 5.90 (1 H, s,
MeC=CH2), 5.98 (1 H, s, MeC=CH2), 6.36 (1 H, s, br, NH), 7.71–7.82 (2 H, m, 2 × ArH ),
7.92 (1 H, dd, J 8.2, 2.1, ArH ), 8.03 (1 H, d, J 7.7, ArH ). δC (100 MHz, CDCl3): 17.2 (CH3),
48.7 (CH2), 125.6 (CH), 126.3 (CH2), 128.0 (CH), 130.4 (q), 131.9 (q), 133.4 (CH), 133.6
(CH), 142.0 (q), 193.8 (q, C=O). υmax (cm−1): 3097 (w), 2926 (m), 1732 (s), 1592 (w), 1543
(s), 1458 (s), 1375 (s), 1250 (m), 1171 (s), 1123 (m), 1024 (s), 930 (m), 757 (s), 669 (m).
ESI+ mass spectrum (m/z, %): 307 ([M+Na]+, 80%), 285 ([M+H]+, 45%).

(E)-5-(o-Nitrobenzenesulfonamidyl)-hex-2-en-4-one (38c) was obtained as a more stable
yellow oil (0.4170 g, 84% yield) from (E)-5-(o-nitrobenzenesulfonamidyl)-hex-2-en-4-ol
(37c; 0.5000 g, 1.67 mmol).

δH (250 MHz, CDCl3): 1.42 (3 H, d, J 7.2, CH3CH=CH), 1.91 (3 H, dd, J 6.9, 1.6,
CH3CHNH), 4.42 (1 H, dq, J 7.2, 7.2, CHMe), 6.16 (1 H, dd, J 15.6, 1.5, MeHC=CH),
6.48 (1 H, d, br, J 7.2, NH), 6.96 (1 H, dq, J 15.6, 6.9, MeHC=CH), 7.70–7.72 (2 H, m,
2 × ArH ), 7.87–7.89 (1 H, m, ArH ), 8.04–8.07 (1 H, m, ArH ). δC (63 MHz, CDCl3): 18.5
(CH3), 19.5 (CH3), 56.5 (CH), 125.5 (CH), 127.0 (CH), 129.9 (q), 130.2 (CH), 132.7 (q),
133.5 (CH), 134.3 (CH), 146.3 (CH), 195.8 (q, C=O). υmax (cm−1): 3096 (w), 2925 (m),
1712 (s), 1594 (w), 1542 (s), 1442 (s), 1362 (s), 1250 (m), 1172 (s), 1124 (m), 1024 (s), 928
(m), 744 (s), 655 (m). EI+ mass spectrum (m/z, %): 299 ([M+H]+, 1%), 229 (50%), 186
(95%), 156 (5%), 109 (20%), 92 (15%), 77 (20%), 69 (100%), 64 (15%). CI+ mass spectrum
(m/z, %): 316 ([M+NH4]+, 100%), 299 ([M+H]+, 3%). HRMS (CI+): found [M+NH4]+
316.0965, C12H14N2O5S requires 316.0967.

4.8 Synthesis of 1,2,5-benzothiadiazepine 1,1-dioxides (39)

To a solution of the freshly prepared allylic ketone (38, ∼0.2–0.4 mmol, 1.0 eq) in glacial acetic
acid (10 ml) was added gradually, with stirring, zinc powder (∼0.2–0.5 g) over a period of 1
hour at room temperature. After addition was complete, the mixture was heated under reflux
for an additional 2–4 hours, whilst being monitored by TLC. The crude mixture was filtered,
concentrated in vacuo, and purified by flash column chromatography (eluent: PE:EtOAc/1:1)
to yield the 1,2,5-benzothiadiazepine 1,1-dioxides (39), as follows:

2,3,4,5-Tetrahydro-4-ethenyl-1,2,5-benzothiadiazepine 1,1-dioxide (39a) was obtained as
a yellow solid (0.0413 g, 50% yield) from 4-(o-nitrobenzenesulfonamidyl)-but-1-en-3-one
(38a, 0.1000 g, 0.37 mmol), mp: 133–137 ◦C.

δH (400 MHz, CDCl3): 3.05 (1 H, ddd, J 15.1, 7.5, 4.6, CH2NH), 3.28 (1 H, m,
CHCH=CH2), 3.37 (1 H, ddd, J 13.1, 7.6, 3.6 CH2NH), 4.17 (1 H, dd, J 7.4, 3.4, CH2NH),
4.83 (1 H, d, J 10.3, HC=CH2), 4.95 (1 H, dd, J 16.2, 0.7 HC=CH2), 5.70 (1 H, bd, J 9.8,
NHCH), 5.8 (1 H, ddd, J 15.9, 10.3, 7.9, HC=CH2), 7.73–7.80 (2 H, m, 2 × ArH ), 7.83 (1 H,
t, J 7.8, ArH ), 8.10 (1 H, d, J 8.2, ArH ). δC (100 MHz, CDCl3): 47.4 (CH2), 73.4 (CH),
112.6 (CH2), 125.3 (CH), 130.7 (CH), 133.0 (CH), 133.3 (CH), 133.9 (CH), 140.0 (q), 147.8
(q). υmax (cm−1): 3450 (bm), 3363 (bm), 3225 (bm), 2986 (m), 2906 (m), 1604 (m), 1591
(w), 1479 (s), 1145 (s), 1066 (m). ESI+ mass spectrum (m/z, %): 225 ([M+H]+, 100%), 247
([M+Na]+, 25%). C, H, N (%): found C 53.4, H 5.2, N 12.7; C10H12N2O2S requires C 53.6,
H 5.4, N 12.5.

2,3,4,5-Tetrahydro-4-(2’-propenyl)-1,2,5-benzothiadiazepine 1,1-dioxide (39b) was obtai-
ned as a yellow solid (0.0410 g, 49% yield) from 2-methyl-4-(o-nitrobenzenesulfonamidyl)-
but-1-en-3-one (38b, 0.1000 g, 0.35 mmol), mp: 165–167 ◦C.

δH (400 MHz, CDCl3): 1.62 (3 H, s, CH3), 2.85 (1 H, ddd, J 12.9, 8.1, 4.7, CH2NH), 3.08–
3.12 (1 H, m, CH2NH), 4.04 (1 H, d, J 5.6, CHNH), 4.88 (1 H, s, MeC=CH2), 4.96 (1 H, s,
MeC=CH2), 5.00 (1 H, s, br, NH), 5.49 (1 H, s, br, NH), 6.78–6.81 (2H, m, 2 × ArH ), 7.33
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(1 H, t, J 7.5, ArH ), 7.70 (1 H, d, J 7.9, ArH ). δC (100 MHz, CDCl3): 18.3 (CH3), 47.0 (CH2),
73.4 (CH), 112.3 (CH2), 117.8 (CH), 117.9 (CH), 121.4 (q), 129.6 (CH), 134.3 (CH), 144.0
(q), 145.0 (q). υmax (cm−1): 3478 (bm), 3379 (bm), 3250 (bm), 2970 (m), 2921 (m), 1621 (m),
1600 (m), 1570 (w), 1484 (s), 1455 (m), 1320 (s), 1154 (s), 1059 (m), 909 (m), 754 (s), 696
(m). ESI+ mass spectrum (m/z, %): 239 ([M+H]+, 30%). C, H, N (%): found C 55.4, H 6.0,
N 11.7; C11H14N2O2S requires C 55.4, H 5.9, N 11.8.

2,3,4,5-Tetrahydro-3-methyl-4-(1’-propenyl)-1,2,5-benzothiadiazepine 1,1-dioxide (39c;
∼1:1 mixture of diastereoisomers) was obtained as a yellow oil (0.03810 g, 45% yield) from
(E)-5-(o-nitrobenzenesulfonamidyl)-hex-2-en-4-one (38c, 0.1000 g, 0.34 mmol).

δH (400 MHz, CDCl3): 1.10 (3 H, d, J 6.3, CH3CHNH), 1.14; 1.18 (3 H, 2 × d, J 6.6,
HC=CHCH3), 3.54; 3.58 (1 H, 2 × m, CHMe), 4.6–4.7 (1 H, s, br, NH), 4.92 (1 H, d, J 7.4,
NH), 5.01; 5.07 (1 H, 2 × s, CHNH), 5.31 (1 H, dq, J 15.1, 6.8, MeHC=CH), 5.36–5.47 (1 H,
m, MeHC=CH), 6.76 (1 H, d, J 8.5, ArH ), 6.79 (1 H, t, J 8.0, ArH ), 7.31 (1 H, t, J 7.7,
ArH ), 7.70 (1 H, d, J 7.9, ArH ). δC (100 MHz, CDCl3): 20.8; 20.9 (CH3), 21.8; 21.9 (CH3),
50.6 (CH), 50.8 (CH), 117.7 (CH), 117.8 (CH), 122.6; 122.7 (q), 129.4; 129.5 (CH), 132.3;
132.4 (CH), 132.5; 132.6 (CH), 134.0; 134.1 (CH), 134.5; 134.6 (q), 141.6; 144.9 (q). υmax

(cm−1): 3476 (bm), 3378 (bm), 3249 (bm), 2979 (m), 2932 (m), 1622 (m), 1601 (m), 1570
(m), 1484 (s), 1455 (s), 1332 (s), 1155 (s), 1061 (m), 971 (m), 755 (s), 698 (m). EI+ mass
spectrum (m/z, %): 253 ([M+H]+, 1%), 252 ([M]+, 4%), 172 (15%), 156 (25%), 112 (75%),
108 (30%), 92 (100%), 80 (45%), 65 (98%). ESI+ mass spectrum (m/z, %): 253 ([M+H]+,
40%). HRMS (ESI+): found [M+H]+ 253.1012, C12H16N2O2S requires 253.1010.
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