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1. Introduction

Chiral N-sulfinyl imines are valuable synthetic intermedsat
that undergo diverse transformations with a high relegof
stereoselectivity. Some examples are the palladiatalyzedo-
allylation of ketones, asymmetric fluoroalkylatioh, diastereo-
selective alkylatior;! asymmetric Strecker synthe3isand
asymmetric synthesis of amine derivatives suchu-agnd f3-
aminophosphonic acids- and p-amino acid<, a-branched
amines>® and aziridines’ They also find applications in the total
synthesis of natural products and biologically\atnolecules™
3 Chiral N-sulfinyl imines are the condensation products o
carbonyl compounds with commercially available dhira
sulfinamides such as p-toluenesulfinamide and tert-
butanesulfinamide. However, such condensations tipica
require the utilization of excess amounts (2-5 egjents) of
metal reagents such as Ti(IV) derivatives and CutB@t act as
Lewis acids and dehydrating agents at the same'fiffie.

Lately, mechanochemistry is gaining increased #ttenof
synthetic chemists and is becoming a useful toolsame
laboratories rather than being a side-line in oigaynthesis.
Mechanochemistry typically provides a solvent-fesel, hence,
green alternative to the conventional solution-daskemistry.
Mechanochemical reactions are often cleaner, rapid the
workup is usually simplé®® These advantages of
mechanochemistry promoted us to investigate thelesation
of tert-butanesulfinamide with carbonyl
grinding conditions as a metal-free, solvent-freel agreener
approach for accessing the synthetically valualiet-
butanesulfinyl imines.

2. Results and Discussion

We initialy examined the condensation of 2-
iodobenzaldehyde with Rj-(+)-2-methyl-2-propanesulfinamide
[(R)-(+)-tert-butanesulfinamide] under solvent free conditions
using agate mortar and pestle without any additiVesler these
conditions, there was no reaction observed even gtfiteding for
one hour. Repeating the reaction in presence ofnéodl
equivalent) lead to the formation of the desiredfirsglimine
(80%'H NMR conversion) in 20 minutes. After finding thatsth
condensation is possible mechanochemically withounetal
catalyst, we started a systematic study of the imacith
benzaldehyde and racemiert-butanesulfinamide using a ball
mill (Retsch MM400 ball mill at 30 Hz). We found than
contrast to grinding using a mortar and pestle, thaction
proceeds without any catalyst in the ball mill (&hl, entry 1).
Addition of 10 mol% of iodine enhanced the reacti@©%
conversion) in 15 minutes (Table 1, entry 2). Weamined
different copper and zinc salts as catalysts figrraction (Table
1, entries 3-8), but none of these catalysts wasffigent as
iodine. Increasing the reaction time from 15 ton@@utes lead to
a slight enhancement of the yield, but any furiherease of the
reaction time (> 20 min) led to a slight decreasé¢hie reaction
yield (Table 1, entries 9-11). Decreasing the iedmading from
10 mol% to 2 mol% lead to a significant decreasethie
conversion of benzaldehyde to the desired sulfimyle, while
increasing the catalyst loading over 10% showedigoifecant
effect on the reaction outcome (Table 1, entried 3R Addition
of anhydrous sodium sulfate (1 equivalent) hadmpaict on the
reaction outcome (Table 1, entry 16). From thesmilte we
conclude that the optimum reaction conditions ailing the
substrates in the presence of 10 mol% of iodina eatalyst for
20 minutes.
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Table 1. Optimization of the reaction conditions

(IS? CHO catalyst - (.;.)
HaN" 7< "R ball mill RTN \K
1 2 3

No® Catalyst Catalyst | Time Conversion
[mol%] | [min] [%]°

1 | -] 60 47

2 I, 10 15 80

3 CuBr 10 15 18

4 Cul 10 15 16

5 ZnCh 10 15 20

6 Znk 10 15 16

7 Cu(OAc) 10 15 12

8 Cu(OTf) 10 15 31

9 I, 10 20 84

10 b 10 25 81

11 b 10 30 80

12 b 2 20 55

13 b 5 20 80

14 b 12 20 81

15 b 15 20 80

16 I 10 20 83

#PhCHO (0.5 mmol)t-Bu-sulfinamide (0.5 mmol), Retsch MM4OO ball mill,
5 mL stainless steel jar, one 10 mm stainless skl 30 Hz;” Determined
by *H NMR of the crude mixture; Performed with agate mortar and pestle:
0% conversion® N&SQ, (1 eq) was added.

With the optimized reaction conditions we studied #tope
of the reaction using different aldehydes by vagy@lectronic
and steric properties (Table 2). Aromatic, hetervetic and
aliphatic aldehydes afforded the correspondingirsgiimines in
moderate to excellent yields, while paraformaldehgowed no
reactivity at all. Under the same conditions neithegtophenone
nor 2,2,2-trifluoroacetophene were converted to
corresponding sulfinylimines indicating that ketsneare
unreactive under these conditions. This could bresiciered as a
limitation of this methodology, but shows that theagction is
selective for aldehydes, which is beneficial esplciavith
complex molecules having different carbonyl functtties.
Most of the aldehyde substrates were used withouifigation
but the purification of the aldehydes prior to tle@ction had a
great impact on the reaction yield as expected, eviieg yields
of the products3k, 3q, 3t, and3u for example is significantly
increased upon purification of the starting matsrisVe noticed
that electronic factors affect the reaction outcomere than
steric factors. Aromatic aldehydes with an electrotherawing
group such as 4-nitrobenzaldehyde and 4-cyanolaetzgde
gave the corresponding products in low yields. Téosild be
attributed to the reactivity of the formed sulfimyines and that
iodine also can catalyze the backward reaction. 831 this
hypothesis, we performed the reaction of 4-cyanchdehyde
and 4-nitrobenzaldehyde under the optimized caonliti
conditions but reducing the reaction time from @0 minutes.
This reduction in the reaction time showed an irsgem the
yield of 4-cyanobenzaldehyde (49% to 76%), whileeffect was
observed with 4-nitrobenzaldehyde. By reducing tkaction

the



time in the case of 4-nitrobenzaldehyde to only mioutes, the
yield of the product3p increased from 40% (20 min reaction
time) to 53% proving our hypothesis.

In case of the 1,3-isophthaldicarboxaldehyde ttetisg
material was quantitatively converted into produgigng the
bissufinylimine3r as major product (85%) in addition 83 in
14%. The condensation of citratigtrans mixture) with (R)-1
lead to the formation of the two-corresponding isome

S @f*@f ot oo

(R)-3a, 73%

?
@) X, S
e \©/\N \|<

(S)-3b, 57% (93%)?

e Cﬁ

)-3c, 86% (50%)°

3g, 33%P 3h, 54%" )-3i, 73%P
i 0 0
NS
g X, .S X, .S
N \’< /©/\N \’< /@N ,,’<
eS Cl
31, 65%P 3m, 30%° (R)-3n, 65%

‘r « X”NA@ﬁ <

R)-3q, 85% (56%)P )-3r, 85%

(rac)-3v, 30%P° (R)-3w, 40%" (R)-3x, 70%"

3
sulfinylimine products3z-1 and3z-2 in a 1:1 ratio as indicated
by the'H NMR of the crude mixture. The two isomeric products
were isolated by flash column chromatography (109A€tn-
hexane). The compound of the lowef ®.25) Bz-2) was
characterized as the product of ttranscitral as its NOESY
spectrum showed a NOE signal between the azomethinenpro
and the nearby methyl group. This NOE signal is absethe
NOESY spectrum of the product with the higher R.31)
indicating that the produ@z-1 has thez-configuration.

?
HO X .S
\@/\N W<

3f, 68%

It
X, .S
/@/\N ,,K
eO

(R)-3k, 81% (56%)°

ozﬂf*

R)-3p, 40% (53%)4

3d, 40%"

ﬁ

3e, 46 (90%)?

<Df\sﬁ

R)-3j, 51% (88%)?

?
X, S
/©/\N ,,K
NC

(R)-30, 49% (76%)°

? 9 0
HC\©A\N,S-,,’< ©/\A\N’S"”< WN\,S\K

(R)-3s, 14%

0 0 0
{JAN’S\K OA\N’S"'K /WN'S"”<

(R)-3t, 93% (36%)P (R)-3u, 56% (17%)P
o}

1
X, S
S \’<

I
N
Mes” >N ’<

(R)-(2)-3z-1, 72%P

R b
(R)-3y, 84% (R)-(E)-32-2, 65%P

Table 2. Substrate scope of the mechanochemicdecsation of aldehydes atett-butanesulfinamide.

2Yijeld calculated based on the recovered aIdeHSIAEjehyde used without purificatiofyeaction time 10 mirf: reaction time 2 min.

3. Conclusion

In summary, we have developed a simple, rapid,iefftcand
green method for the introduction of the valualiigat auxiliary
tert-butansulfinamide into aldehydes under metal- apldesit-
free reaction conditions. The reaction is performisthg a ball
mill and catalyzed by 10 mol% iodine. The reaci®@applicable
to a wide range of aldehydes and shows good fundionp
tolerance.

Synthetic organic chemists should pay more attentio
mechanochemistry as a promising, efficient, simplett greener
alternative to the conventional solution-based deewn There is
an urgent need for developing elegant engineerafgtiens to
make mechanochemistry more reliable and to opemdomi on
monitoring the reaction during its progress.

4, Experimental section

4.1.General

Commercially available aldehydes were used in alttiens
without purification unless specifically indicated.The
mechanochemical reactions are performed in Retsém00
vibrating mill at a frequency of 30 Hz in a stairdesteel 10 mL
vial with one steel ball of 10 mm diameter. Thinday
chromatography (TLC) was performed on pre-coatechiaium
sheets of Merck silica gel 60 F254 (0.20 mm) arsdiaiized by
UV radiation (254 nm). Automated column chromatograpiag
performed on a Biotage® Isolera Four using Biotaga®ridges
SNAP Ultra 10 g*H NMR and**C NMR spectra were measured
on Bruker DPX 300, 400 or 500 apparatus and werearded to
the residual proton solvent peald( CDCL, & 7.26 ppm) and
solvent*®C signal (CDCJ, & 77.2 ppm). Chemical shif& were
reported in ppm, multiplicity of the signals was ldeed as
followed: s = singlet, d = doublet, t = triplet, ggmartet, quin =
quintet, sex = sextet, hep = septet, dd = doublldbablets, m =
multiplet, b = broad; and coupling constani} i6 Hertz. Mass
spectrometric measurements were performed by theREPS
Mass Spectrometry Facility in Swansea University oWwaters
Xevo G2-S. lons were generated by the Atmospheric Bhess



4 Tetrahedron

lonisation Techniques (APCI). The molecular ion peaklues
quoted for molecular ion plus hydrogen [M¥HIR spectra were
recorded on a Shimadzu

mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (17%At/n-

FTIR Affinity-1S apparatus.hexane) to giv8e (59 mg, 46%) as a yellow soligy; (400 MHz,

Wavenumbers are quoted in ¢nAll compounds were measured CDCL) 8.99 (s, 1H), 8.07 — 7.98 (m, 2H), 7.73 (dd&; 7.7, 1.3,

neat directly on the crystal of the IR machine.

4.2. Typical procedure for ball milling imine formation

A mixture of 2-methyl-2-propanesulfinamide (0.5 mnal
eq), the appropriate aldehyde (0.5 mmol, 1 eq), eledental
iodine (10 mol%) was placed in a 5 mL grinding steeland
milled for 20 min at 30 Hz. The reaction mixture wdissolved
in dichloromethane (20 mL) and washed with a satdratéution

0.6 Hz, 1H), 7.66 (td] = 7.8, 1.5 Hz, 1H), 1.30 (s, 9H).

4.8.3N-(3-Hydroxybenzylidene)-2-methy|propane-Z-squinamide
[3f]

The general procedure was followed using

hydroxybenzaldehyde (61 mg, 0.5 mmolyad)-2-methyl-2-
propanesulfinamide (61 mg, 0.5 mmol), and ioding ifig, 0.05
mmol). The crude product was purified by flash chatography

3-

of NaS,05 (10 mL), then with brine (10 mL). The organic phase(20% EtOAch-hexane) to givéf (77 mg, 63%) as a white solid;
was dried over anhydrous Mg&@iltered and evaporated under 3y (400 MHz, CDCY) 8.59 (s, 1H), 7.46 (dd = 7.6, 1.1 Hz, 1H),

reduced pressure. The residue was purified by flaghmn
chromatography.

4.3.(R)-(~

2 -N-(Benzylidene)-2-methylpropane-2-sulfinamide
[(R-3a] ™

The general procedure was followed using benzalde{bgié
mg, 51 ul, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfinamide
(61 mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol)e Tdrude
product was purified by flash chromatography (17%A/n-
hexane) to givéR)-3a (77 mg, 73%) as a colourless solid}f*°
=-213 € 0.67, CHCJ); 8, (400 MHz, CDC}) 8.59 (s, 1H), 7.89
—7.79 (m, 2H), 7.55 — 7.43 (m, 3H), 1.27 (s, 9H).

4.4.(R)-(+)-N-(2- Iodobenzyhdene) -2-methylpropane-2-
sulfinamide (S)-3b]*

The general procedure was followed using 2-iodobeebgide
(116 mg, 0.5 mmol),-(-)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (10%/At/n-
hexane) to givgS)-3b (96 mg, 57%) as a yellowish solids] >
= 164 € 0.77, CHCJ); &, (400 MHz, CDC}) 8.78 (s, 1H), 7.99
(dd,J =7.8, 1.7 Hz, 1H), 7.94 (dd,= 8.0, 1.1 Hz, 1H), 7.47 —
7.37 (m, 1H), 7.18 (ddd,= 7.9, 7.4, 1.8 Hz, 1H), 1.28 (s, 9H).

4.5.(R)-(-)-N-(2- Bromobenzyhdene) -2-methylpropane-2-
sulfinamide [R)-3c] %

The general
bromobenzaldehyde (93 mg, 59, 0.5 mmol), R)-(+)-2-
methyl-2-propanesulfinamide (61 mg, 0.5 mmol) aodirie (13
mg, 0.05 mmol). The crude product was purified bgslil
chromatography (14% EtOAthexane) to givéR)-3c (124 mg,
86%) as a colourless oily,*-227 € 0.7, CHCY); &, (500 MHz,
CDCl,) 8.98 (s, 1H), 8.04 (dd,= 7.7, 1.9 Hz, 1H), 7.65 (dd,=
7.7,1.9 Hz, 1H), 7.43 — 7.30 (m, 2H), 1.28 (s, 9H).

4.6. N -(2-Hydroxybenzylidene)-2-methylpropane-2-sulfinamide
[3d*

The general procedure was followed using salicylajdeh(61.1
mg, 53uL, 0.5 mmol), fac)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (20%/At/n-
hexane) to giv&d (45 mg, 40%) as a white soli8l; (500 MHz,
CDCly) 11.04 (s, 1H), 8.70 (s, 1H), 7.52 — 7.38 (m, 2H)67-
6.93 (m, 2H), 1.26 (s, 9H).

4.7.g-(Z-NitrobenzyIidene)-Z-methyIpropane-Z-squinamide
[3e]

The general procedure was followed using 2-nitrobidergde
(76 mg, 0.5 mmol), rac)-2-methyl-2-propanesulfinamide (61

7.41 (ddJ = 2.5, 1.5 Hz, 1H), 7.35 (§,= 7.9 Hz, 1H), 7.05 (ddd,
J=8.1,2.6, 1.0 Hz, 1H), 1.28 (s, 9H).

4.9. N -(3-Methoxybenzylidene)-2-methylpropane-2-sulfinamid
[3g*

The general procedure was followed usmganisaldehyde (68
mg, 61uL, 0.5 mmol), fac)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (17%A/n-
hexane) to give3g (40 mg, 33%) as a colourless ail; (400
MHz, CDCL) 8.55 (s, 1H), 7.44 — 7.34 (m, 3H), 7.10 — 7.03 (m,
1H), 3.86 (s, 3H), 1.26 (s, 9H).

4. 10 N -(3-Methylbenzylidene)-2-methylpropane-2-sulfinamide
[3n]*

The general procedure was followed usingolualdehyde (60
mg, 59uL, 0.5 mmol), fac)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (14%/At/n-
hexane) to givesh (60 mg, 54%) as a colourless ail; (400
MHz, CDCk) 8.56 (s, 1H), 7.67 (s, 1H), 7.64 = 7.2 Hz, 1H),
7.36 (dd,J =9.1, 5.7 Hz, 1H), 7.34 — 7.31 (m, 1H), 2.41 (s, 3H),
1.27 (s, 9H).

4.11.(R)-(-)-N-(3- FIuorobenzylldene) -2-methylpropane-2-
sulfinamide [R)-3i] *

procedure was followed using purified 2-The general procedure was followed using 3-fluorobketehyde

(62 mg, 53uL, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfin-
amide (61 mg, 0.5 mmol) and iodine (13 mg, 0.05 MHmkhe
crude product was purified by flash chromatographiy%
EtOAch-hexane) to givéR)-3i (83 mg, 73%) as a colourless oil;
[0]p?° = —4 € 0.5, CHC}); &, (400 MHz, CDC}) 8.56 (d,J = 1.3
Hz, 1H), 7.63 — 7.55 (m, 2H), 7.46 (ddi= 11.2, 6.7, 3.1 Hz,
1H), 7.25 — 7.18 (m, 1H), 1.27 (s, 9H).

4.12.(R)-(-)-N-(Benzo[d][1, 3]d|oxol 5 -ylmethylene)-2-
methylpropane-2-sulfinamidér)-3j] *°

The general procedure was followed using piperor&aingg, 0.5
mmol), ®)-(+)-2-methyl-2-propanesulfinamide (61 mg, 0.5
mmol) and iodine (13 mg, 0.05 mmol). The crude patdvas
purified by flash chromatography (20% EtOAdfexane) to give
(R)-3j (65 mg, 51%) as a white solidy]p* = —18 € 0.66,
CHCL); 3y (400 MHz, CDC}) 8.44 (s, 1H), 7.40 (d] = 1.6 Hz,
1H), 7.28 (ddJ = 8.0, 1.6 Hz, 1H), 6.88 (d,= 8.0 Hz, 1H), 6.05
(9,d=1.3 Hz, 2H), 1.24 (s, 9H).

4.13.(R)-(-)-N-(4- Methoxybenzylldene) -2-methylpropane-2-
sulfinamide [R)-3k] **

The general procedure was followed using purifige
anisaldehyde (68 mg, 6jiL, 0.5 mmol), R)-(+)-2-methyl-2-



propanesulfinamide (61 mg, 0.5 mmol) and iodine fig 0.05
mmol). The crude product was purified by flash chatography
(20% EtOAch-hexane) to givéR)-3k (97 mg, 81%) as a white
solid; [o]p™° = —68 € 0.73, CHCJ); 5, (400 MHz, CDC}) 8.51
(s, 1H), 7.85 — 7.73 (m, 2H), 7.01 — 6.92 (m, 2H),738 3H),
1.25 (s, 9H).

4. 14 N-(4-Isopropylbenzylidene)-2-methylpropane-2-sulfiide
(3%

The general procedure was followed using cuminaldehiyd
mg, 76uL, 0.5 mmol), fac)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (14%A/n-
hexane) to give3l (82 mg, 65%) as a colourless adl; (400
MHz, CDCL) 8.56 (s, 1H), 7.78 (d] = 8.3 Hz, 2H), 7.33 (d] =
8.3 Hz, 2H), 2.96 (hepd = 6.9 Hz, 1H), 1.27 (s] = 6.9 Hz, 6H),
1.26 (s, 9H).

4.15.N-(4- (Methélltmo)benzylldene) -2-methylpropane-2-
sulfinamide Bm]

The general procedure was followed using
(methylthio)benzaldehyde (76 mg, L, 0.5 mmol), fac)-2-
methyl-2-propanesulfinamide (61 mg, 0.5 mmol) aodirie (13
mg, 0.05 mmol). The crude product was purified bgslil
chromatography (14% EtOAwhexane) to give3m (38 mg,
30%) as a colourless od;; (400 MHz, CDC}) 8.52 (s, 1H), 7.77
—7.72 (m, 2H), 7.31 - 7.27 (m, 2H), 2.52 (s, 3H)51L 9H).

4.16.(R)-(—-)-N-(4- Chlorobenzylldene) -2-methylpropane-2-
sulfinamide [R)-3n] ™

The general procedure was followed using 4-chlorodlelehyde
(70 mg, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (10%A/n-
hexane) to givéR)-3n (79 mg, 65%) as a white solidi]p*° = —
68 (c 0.73, CHC)); 5, (400 MHz, CDC}) 8.54 (s, 1H), 7.83 —
7.74 (m, 2H), 7.49 — 7.40 (m, 2H), 1.26 (s, 9H).

4.17.(R)-(-)-N-(4-

Q/anobenzyhdene) -2-methylpropane-2-
sulfinamide {R)-30]

The general procedure was followed using 4-cyanolieelzgde
(66 mg, 0.5 mmol), §)-(+)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (17%/At/n-
hexane) to givgR)-30 (57 mg, 49%) as a white solidi]p*° = —
70 (€ 0.77, CHC)); 5, (400 MHz, CDC}) 8.6 (s, 1H), 7.98 —
7.91 (m, 2H), 7.80 — 7.72 (m, 2H), 1.26 (s, 9H).

4.18.(R)-(-)-N-(4- Nltrobenzylldene) -2-methylpropane-2-
sulfinamide [R)-3p] *

The general procedure was followed using 4-nitrobidebgde
(76 mg, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfinamide (61
mg, 0.5 mmol) and iodine (13 mg, 0.05 mmol). Theder
product was purified by flash chromatography (17%/At/n-
hexane) to givéR)-3p (51 mg, 40%) as a yellow solidy]p™ =

70 (€ 0.77, CHC)); 84 (400 MHz, CDC}) 8.67 (s, 1H), 8.37 —
8.29 (m, 2H), 8.06 — 7.99 (m, 2H), 1.29 (s, 9H).

4.19.((R)-(-)-2- Methsyl -N-(naphthalen-1-ylmethylene)prop&t:
sulfinamide [R)-3q]*

The general procedure was followed using purified 14 55 (R)-N-(Cyclohe

naphthaldehyde (78 mg, 8., 0.5 mmol), R)-(+)-2-methyl-2-
propanesulfinamide (61 mg, 0.5 mmol) and iodine i} 0.05
mmol). The crude product was purified by flash chatography
(10% EtOAch-hexane) to give(R)-3q (110 mg, 85%) as a

5
yellow oil; [a]p*° = —6 € 0.66, CHCJ); 5, (400 MHz, CDC}))
9.16 (s, 1H), 9.04 (d] = 8.3 Hz, 1H), 8.08 — 7.99 (m, 2H), 7.93
(d, J = 7.6 Hz, 1H), 7.65 (ddd] = 8.5, 6.9, 1.4 Hz, 1H), 7.62 —
7.54 (m, 2H), 1.33 (s, 9H).

4.20.(R, R) (-)-N,N’-Bis-(tert-butylsulfinyl)-isophthatdine
[(R-3r]*

The general procedure was followed using isophtheltgide (34
mg, 0.25 mmol), R)-(+)-2-methyl-2-propanesulfinamide (61 mg,
0.5 mmol) and iodine (13 mg, 0.05 mmol). The crydeduct
was purified by flash chromatography (20% EtQAkéxane) to
give (R)-3r (R = 0.24) (72 mg, 85%) as a white solid]*° =

28 (€ 0.50, CHCY); 84 (500 MHz, CDC})) 8.65 (s, 2H), 8.31 (1]

= 1.5 Hz, 1H), 8.00 (dd] = 7.7, 1.7 Hz, 2H), 7.61 (dd,= 9.5,
5.8 Hz, 1H), 1.29 (s, 18H).

4.21.(R)-(-)-N-(3-Formylbenzylidene)-2-methylpropane-2-
sulfinamide (R)-39|

Isolated as a colorless oil (8 mg, 14%) from thedermixture of
the previous reaction (isophthalaldehyde reactitny) flash

4-chromatography (20% EtOAwhexane) R = 0.31); p]p>° = —68

(c 0.50, CHCJ); IR (neat)vmay 3024, 2970, 1737, 1700, 1604,
1084 cm"; &, (500 MHz, CDCJ) 10.09 (s, 1H), 8.66 (s, 1H),
8.35 (t,J = 1.5 Hz, 1H), 8.09 (dt) = 7.7, 1.4 Hz, 1H), 8.06 —
7.99 (m, 1H), 7.67 (dd) = 9.6, 5.7 Hz, 1H), 1.28 (m, 9H¢
(126 MHz, CDC}) 191.5, 161.7, 137.1, 135.1, 135.0, 132.8,
130.4, 129.9, 58.2, 22.8; HRMS (ASAP): MHound 238.0900.
C15,H1gNO,S requires 238.0902.

4.22.(R)-2-Methyl- N g(lE 2E)-3-phenylallylidene)propake-
sulfinamide (R)-3t]

The general procedure was followed udirans-cinnamaldehyde
(66 mg, 63uL, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfin-
amide (61 mg, 0.5 mmol) and iodine (13 mg, 0.05 mMmkhe
crude product was purified by flash chromatographiy %
EtOAc/h-hexane) to givéR)-3t (109 mg, 93%) as a yellow solid;
[a]p?® = —142 € 0.70, CHCY); &, (400 MHz, CDC}) 8.38 (d,J =
9.2 Hz, 1H), 7.58 — 7.51 (m, 2H), 7.44 — 7.36 (m, 3H}5 (t,J

= 7.9 Hz, 1H), 7.09 (dd] = 15.9, 9.2 Hz, 1H), 1.24 (s, 9H).

4.23. (R)-N-(Furan- 21ylmethylene) -2-methylpropane-2-
sulfinamide [R)-3u]*

The general procedure was followed using purifiedufat
(48 mg, 41 uL, 05 mmoal), R)-(+)-2-methyl-2-
propanesulfinamide (61 mg, 0.5 mmol) and iodine i} 0.05
mmol). The crude product was purified by flash chatography
(14% EtOAch-hexane) to give(R)-3u (62 mg, 62%) as a
colourless oil; §p™° = —228 ¢ 0.67, CHCJ); &y (400 MHz,
CDCl;) 8.40 (s, 1H), 7.64 (dd,= 1.1, 0.6 Hz, 1H), 7.01 (dd,=
3.5, 0.5 Hz, 1H), 6.57 (dd,= 3.5, 1.8 Hz, 1H), 1.26 (s, 9H).

4.24.2-Methyl-N- (thlophen -2-ylmethylene)propane-2-
sulfinamide [R)-3v] *°

The general procedure was followed using purified 2-
thiophenecarboxaldehyde (56 mg, 47 0.5 mmol), 2-methyl-2-
propanesulfinamide (61 mg, 0.5 mmol), and iodin® ifig, 0.05
mmol). The crude product was purified by flash chatography
(14% EtOAch-hexane) to givéR)-3v (32 mg, 30%) as a white
solid; 3y (400 MHz, CDCJ) 8.67 (s, 1H), 7.59 (dfj = 5.0, 1.1
Hz, 1H), 7.55 — 7.52 (m, 1H), 7.18 — 7.10 (m, 1H), Y23H).

X}/Imethylene) -2-methylpropane-2-
sulfinamide [R)-3w]*

The general procedure was followed using
cyclohexanecarboxaldehyde (56 mg, 181 0.5 mmol), R)-(+)-
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2-methyl-2-propanesulfinamide (61 mg, 0.5 mmol) aodine
(13 mg, 0.05 mmol). The crude product was purifigdflash
chromatography (10% EtOAghexane) to givéR)-3w (43 mg,
62%) as a colourless oilg],*° = —180 ¢ 0.5, CHC}); 5, (400

5. Acknowledgments
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MHz, CDCL) 7.95 (d,J = 4.6 Hz, 1H), 2.54 — 2.33 (m, 1H), 1.96 enabling the use of the ball mill and for fruitidikcussions. We

—1.60 (m, 6H), 1.32 (dg = 18.6, 4.8 Hz, 4H), 1.18 (s, 9H).

4.291.(R)-Z-MethyI-N-octyIidenepropane-2-sulfinamide R
3X]

The general procedure was followed using octanah{§478
pL, 0.5 mmol), R)-(+)-2-methyl-2-propanesulfinamide (61 mg,
0.5 mmol) and iodine (13 mg, 0.05 mmol). The crydeduct
was purified by flash chromatography (10% EtQAkéxane) to
give (R)-3x (81 mg, 70%) as a yellow oilg],*° = 461 ¢ 0.77,
CHCly); 3y (500 MHz, CDC}) 8.06 (t,J = 4.8 Hz, 1H), 2.51 (td,
J=17.4, 4.8 Hz, 2H), 1.67 — 1.58 (m, 2H), 1.37 — 1124 8H),
1.19 (s, 9H), 0.88 (1] = 7.0 Hz, 3H).

4.27.(R)-2-Methyl-N-(3-(methylthio)propylidene)propane-2-
sulfinamide [R)-3y] **

The general procedure was followed using 3-
(methylthio)propionaldehyde (52 mg, @, 0.5 mmol), R)-(+)-
2-methyl-2-propanesulfinamide (61 mg, 0.5 mmol) aodine
(13 mg, 0.05 mmol). The crude product was purifigdflash
chromatography (20% EtOAwhexane) to givéR)-3y (87 mg,
84%) as a yellow oil;d]*° = =292 ¢ 0.5, CHC}): &y, (500 MHz,
CDCl,) 8.08 (dt,J = 5.3, 4.0 Hz, 1H), 2.93 — 2.66 (m, 4H), 2.13
(s, 3H), 1.20 (s, 9H).

4.28.Condensation of citral (cis/trans mixture) with (R)-2-
methyl-2-propanesulfinamide

The general procedure was followed using citral (omixtof cis-

andtransisomers) (76 mg, 86L, 0.25 mmol), R)-(+)-2-methyl-
2-propanesulfinamide (61 mg, 0.5 mmol) and iodid8 (Mg,
0.05 mmol). The crude product (1:1 mixtureEsfandZ-isomers)
was purified and the two isomeric products were sepdrby
flash chromatography (10% EtOAehexane).

(R)-N-((1E,22)-3,7-Dimethylocta-2,6-dien-1-ylidene)-2
methylpropane-2-sulfinamidéR)-3z-1]

R = 0.31 (46 mg, 72%) as a colourless ailpf° = -530 ¢ 0.40,
CHCL); IR (neat)vyq, 2960, 2918, 2864, 1633, 1568, 1082'cm
34 (500 MHz, CDC)) 8.5 (d,d = 9.9 Hz, 1H), 6.24 (dJ = 9.9
Hz, 1H), 5.07 (tddyJ = 5.9, 2.8, 1.4 Hz, 1H), 2.47 (= 7.5 Hz,
2H), 2.19 (td,J = 14.9, 6.2 Hz, 2H), 1.96 (d, = 1.3 Hz, 3H),
1.65 (d,J = 0.8 Hz, 3H), 1.59 (s, 3H), 1.19 (s, 9k);(126 MHz,
CDCly) 160.4, 157.2, 133.3, 124.7, 122.8, 57.2, 33.10,225.8,
249, 22.6, 17.9; HRMS (ASAP): MH found 256.1732.
C14H,6NOS requires 256.1735.

(R)-N-((1E,2E)-3,7-Dimethylocta-2,6-dien-1-ylidene)-2
methylpropane-2-sulfinamidéR)-3z-2]

Colourless oil;R = 0.25 (42 mg, 65%);a]p>° = —303 ¢ 0.50,
CHCL); IR (neat)vya, 2960, 2920, 2860, 1633, 1568, 1082'cm
34 (500 MHz, CDCJ) 8.54 (d,J = 9.9 Hz, 1H), 6.23 (ddj = 9.9,
1.0 Hz, 1H), 5.08 (dd] = 8.9, 3.4 Hz, 1H), 2.29 — 2.12 (m, 4H),
2.04 (d,J = 1.0 Hz, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.20 (s,;9H)
dc (126 MHz, CDCY)) 160.7, 157.3, 132.8, 123.6, 123.1, 57.2,
40.7, 28.3, 26.2, 25.8, 24.9, 22.6, 18.0, 17.9; HRMSAP):
MH", 256.1735. GH,NOS requires 256.1735.
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