CHAPTER I1

ASYMMETRIC SYNTHESIS OF OXIRANES
USING CHIRAL (1R,3S,45,S8s)~(~)-S-METHYL~-
S-NEOMENTHYL~N-TOSYL SULFOXIMINE, 10a,

" AND ITS EPIMER AT SULFUR (1R,3S,4S5,Rs)=~(+)-10b
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A. INTRODUCTION

It is evident from the previous discussion {Chapter I) that
asymmetric synthesis of oxiranes is an active and challenging
field of research. It has been remarked that "the value of
epoxides as synthetic intermediates as well as an end in
themselves emphasizes the need and desirability of obtaining
these compounds in a high state of enantiomeric purityl". With
this motivation, we decided to synthesize chiral oxiranes using

chiral sulfur compounds.

B. STRATEGY

The synthesis of oxiranes by methylene transfer reaction
from dimethyl sulfonium methylide and related reagents to
carbonyl compounds has been known for over 30 yearsz. The general

reaction can be depicted as in Scheme 1.

ar o
Rl\ R3\\ H C — C O R3
+ - = —— 4
——CH. + — R Ll< + R4SR
//S 2 4/‘,C...._...O p— ;:) — R4 1°%2
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Scheme 1
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It is apparent from this reaction that transfer of me thylene
group from sulfur ylide to carbonyl group would lead to the
formation of racemic oxirane. We felt that if R1 and R2 in 1
were to be chiral groups, this might influence in inducing
asymmetry in the resulting oxiranes. With this in view our
initial efforts were directed towards utilising dimenthyl methyl
sulfonium iodide 3 and dimenthyl methyl oxosulfonium iodide 4 for
the methylene transfer reaction. Although sulfur in these
compounds is not stereogenic, we felt that the two menthyl group
might help in the stereoselectivity of the reaction to give non-
racemic oxiranes. However, our efforts té prepare dimenthyl
sulfide 2 from neomenthyl chloride and sodium sulfide (Scheme 2)
were not successful as the major product under various reaction

conditions was a mixture of p-2-menthene and p~3-menthene.

2 + Na,§ TT———>

Cl S

Jo

Scheme 2 \

Sulfoximines are another class of methylene transfer

reagents used for the synthesis of oxiranes. Attempts at the
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asymmetric synthesis of oxiranes using sulfoximines having
stereogenic sulfur have not been very successfu13 (ee, 40 %).
We felt that sulfoximine with suitable chiral ligands could be
exploited for the synthesis of chiral oxiranes. In this chapter
we present the results of our studies on the enantioselective
synthesis of oxirénes in fairly good enantiomeric excess using
chiral-sulfoximines possessing stereogenicity both on sulfur

atom and on carbon atoms of the substituent groups.

There are several favourable features for use of such
sulfoximines for asymmetric methylene transfer reactions.
(i) The sulfur atom in the sulfoximine is chiral which may help
in inducing asymmetry in oxirane molecule.

{(ii) This asymmetric induction power of chiral sulfur atom is
further boosted by having suitable chiral ligands on it.
(iii) N-Substituted sulfoximines are stable molecules having iong

shelf life.

{iv) Presence of tosyl group on nitrogen make thed -hydrogen atom
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more acidic and wupon treatment with a strong base
easily furnishes carbanions which form the basis of
methylene transfer reaction.

(v) Presence of sulfur and nitrogen atom provide sites for
structural variations. This feature of the sulfoximine
forms the basis of our work reported in chapter III and IV.

(vi) Optically pure sulfoximine can be easily prepared from
optically pure sulfoxide by Kwart-Kahn method4 with
complete retention of configuration at sulfur.

(vii) The configuration on sulfur in sulfoximine is stable. They
do not undergo racemization as in the case of chiral

sulfonium salts and sulfur ylides.

C. RESULTS AND DISCUSSIONS

As mentioned ébove, when sulfoximines having chirality only
on sulfur were used for the MT reaction, asymmetric induction
achieved8 was less than moderate (ee, { 40 %). The methylene
transfer from a S-methyl sulfoximine to carbonyl substrate

leading to the formation of an oxirane can be represented as in

Scheme 3.
R R! R Po r! 1
~ 2Na ._\ DMSO O._Z/S o) CH/C"‘ - % + 0:@:? o
NTs R" NTs 2 R? R? NaNTs

Scheme 3
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The stereochemical outcome will be influenced by the
stereochemistry of the transition state which in turn will be
dependent on the stereochemistry of the reactant sulfoximine. As
earlier work3 has shown that chirality on sulfur of the
sulfoximine does have some effect on the chirality of product
oxirane, we felt that this effect could be enhanced significantly
by having suitable chiral ligands on sulfur. Initially we
focussed our attention on the use of (-)-menthocl, 5, to provide
the menthyl group possessing three stereogenic centers as a
ligand on sulfur. Accordingly, we prepared an epimeric pair of
new sulfoximines wviz., (1R,38,45,5s)~{(~)-S-methyl~S-neomenthyl-
N-tosyl sulfoximine, 1la, and its epimer at sulfur (1R,3S,45,Rs})-
(+)~S-methyl-S-neomenthyl-N-tosyl sulfoximine, 11b from corresp-

onding sulfoxides 10a and 10b.

The epimeric pair of sulfoxides 10a and 10b were prepared
using a published procedures. {iR,3R,48)-(-}- menthol, 5 was
treated with pyridine and tosyl chloride at OOC to give
(1R,3R,48)~(~)-menthyl tosylate, 6 with retention of configuration
at C3 in 91 % chemical yield (Scheme 4). The tosylate 6, on
treatment with hotassimn thicacetate in dry dimethyl sulfoxide
was converted into (1R,35,48)-(+)-neomenthyl thioacstate, 7. This
reaction, a typical nucleophilic substitution reaction of OSN3
type, was accompanied by inversion of configuration at Cz. The
thioacetate, 7, appeared thermolabile as it decomposed slightly

at boiling temperature to give p-menthenes as byproducts. On
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careful distillation it gave product with 98 % GC purity (6',10%
SE~30 column, 170°C). The thioacetate 7 on reduction with lithium
aluminium hydride gave (1R,3S5,4S)}-(+)-neomenthanethiol, 8 in 82
% yield with retention of configuration at C3z. The optically
active thiol, 8 was converted into (1R,35,45)~(+)-S-methyl-S-
neomenthyl sulfide, 9 in 84 % yield by reacting it with methyl
iodide (GC purity 98 % , 6 ft, 10 % SE-30, 170°C). The sulfide, 9
was subjected to oxidation with hydrogen peroxide to give an
epimeric (at sulfur) pair of sulfoxide 10a and 10b in 35:65 ratio
(GC: cyclodex B capillary column) (Scheme 4). One of the epimer
10a could be isoclated from the mixture by crystallization from
chloroform : petether (5:95) and by repeated crystallization
purified to 100 % enantiomeric purity (Chiral GC), [<]1p +140.06.
By repeated chilling and separation of the solids by filtration,
the mother liquer could be freed from the solid epimer, and
enriched to 89 % enantiomeric purity of the second epimer 10b,

[ ]p +23.75.

The enantiomeric purity of each epimer 10a and 10b is more
then 99 % as revealed from its GC on chiral cyclodex B capillary
column., The epimers were separating base to base on this column,
The epimer 10a elutes earlier than 10b (Relative retention time

(RRT), 10a:10b, 0.98:1).

The most significant difference in the lH NMR spectra of

these epimeric sulfoxides is that the C3 proton of the
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crystalline isomer 10a (Fig.l1l) appears at § 2.80 whereas in the
liquid isomer 10b (Fig.2), it appears at § 3.28. Both the epimers
were well characterised by its 13C NMR spectra. All the eleven
carbon atoms, were accounted for. The CH-S5 and S-CHz carbon peaks
in 10a (Fig. 3 and 4) appearing at § 59.55 and 47.69 and in 10b
(Fig.S)_at § 63.56 and 49.95 respectively. IR spectra of 10a
(Fig.6) and 10b (Fig.7) were characterised by a strong band at

1020 and 1035 cm."1 respectively due to S=0 streching vibrations.

The absolute configuration at sulfur of crystalline sulfoxide
10a was established to be (S) by single crystal X-ray structure
analysis (For details ses experimental)}. This automatically
establishes (R) configuration at sulfur in sulfoxide 10b. The

details are discussed in next section D.

The solid sulfoxide 10a on heating with p~toluene sulfonyl
azide and freshly precipitated copper powder in dry methanol
followed by chromatographic purification and crystallization gave
optically puré sulfoximine 1la, [X]p ~60.9. The liquid diaster-
eomer 10b on similar treétment gave corresponding optically pure

sulfoximine 11b, [« ]p +101.89.

The sulfoximine 11a after column chromatography was
crystallized thrice from different solvent systems, viz.,
chloroform:hexane (20:80), absoplute ethanol and acetonitrile:

water (85:15) into beautiful needles of constant m.p.. The
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: V. Hp03/AcOH, 25°C/50n ; VI. P-TsN3/Cu/MeOH, 65°C/
64h

Scheme 4

further confirming the optical purity of the diastereomer.
Similarly sulfoximine 11b was recrystallized from relatively

dilute solution of chloroform : hexane (8:892) and acetone : pet-

e T

<M g g 6 W5 %
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ether (6:94) into beautiful tetragonal blocks. The optical
rotations after each crystallization remained unaltered proofing
its optical purity. The crystal structure of 11b was established
by X-ray diffraction method {(for detaiis, see experimental) and
the absolute configuration at sulfur was found to be (R). This
automatically establishes (S) configuration at sulfur in

1

sulfoximine 11la.

The diastereomeric purities of both the sulfoximines 11la and
11b were above 99 % as easily judged from their high resolution
1y NMR spectra. In 1la, the S$-CHy protons appear as a sharp
singlet at § 3.45 and HC-S proton as a quartet centred at § 3.78
(Fig.8). The corresponding signals in 11b are seen at § 3.50 and
§ 3.57 respectively (Fig.9 and 10)*. The lH NMR spectra of the
new compounds 1l1la aﬁd 11b are perfactly matching with its
structures. The increased acidity of oL -~ methyl protons of 1lia
and 11b (5-CH3z) (Compared to that of sulfoxide 10a and 10b) is
reflected in small downfield shift (§3.45 and 3.50 respectively).
The sulfoximine group thus appeared to be slightly more electron

withdrawing than the corresponding sulfones and considerably more

s0 than sulfoxide?. The CH3 protons of tosyl group appear as a

-V S . G W S W W WS WU WO e WS WS G AR WWP WU W WS R WS W WM WA M WS WG WO W A W W GO SR R TR ST TN AR W R e S G MW M R WS W TET MR T MW M AW o e W

# There is a shift of 0.1 PPM (instrumental) towards high field

in Fig.9, which is corrected in Fig.10
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sharp singlet at §- 2.42 and 6 2.32 respectively in 11a and 11b8.
The four aromatic protons of tosyl group splits into double
doublet, appearing até 7.27 and 7.84 in 11a and § 7.18 and 7.74

in 11b.

The IR spectra of 1la (Fig.11) and 11b (Fig. 12) show stirong

bands at 1205 ::m"1 characteristic of N-S=0 streching vibrationsg.

130 NMR spectra of 1la (Fig.13) and 11b (Fig.14 and 15) are

perfactly in accordance with its structures. The peak of four
aromatic carbon atoms overlapping and appearing as two peaks
only. All the eighteen carbon atoms are accounted for. APT
experiments could clearly locate all the -CH, -CHy, -CH and -C-

carbon atoms.

The structure of 1lla was further supported by its mass
spectrum (Fig.16) showing molecular ion peak at 371 confirming
its molecular weight.»The sulfoximine 11b was characterised by
high resolution mass spectrum (Fig 17 § 18). The computer
calculated exact mass<(M++1) for CqgH3(QNO3S2 is 372.1667 and

actually observed (M*+1) is 372.1644.

As substrates for this study of asymmetric methylene
transfer reactions, we chose phenyl ketones (and benzaldehydes)
believing that the resulting chiral oxiranes could be excellent
"intermediates for preparing a large number of chiral 2 -aryl

propionic acids (via the corresponding aldehydes)10 which in turn



57

- - g - ~
o~ - =1 ey Pl R SR T S LI KT Bl WA Lo ot -
- poenceavy
" ” " ) re aneon el
3 — 1 + . o, 1 -
> T z A Somod iy T
Y s ¥ ! e Pt -
= - i =
@ N pE S i<
- 7 I =
? ¥
1 :
o
< T
- 1 + =3
s A\
) » B Y . - L R I ae—r
I iy v b R P oo o S Prvedtint 38 by 1 e A ity
FO Jobeg. ) T et g P gt P
- = C—, e 4
- T - e et =T I R T KR ISt S o), Ptees riivar e ettt EN
- >3 e s mn 4w awen o Sw o v ]
= < LRI TR 1Y ~2]
¥ -
+
¥ Tt -~
P
= -
-
: |
o + = i
£ =
$
T T < ,
T
- 1
t T } i
LY & ; |
= t
Y
t * T i
T T s 5 hb: =
=1 : pi Srtmgrnmrioess = py spspamppigepludy sineeg hepva 3=
EaS +
<o .
Y
- T s
; {
T
; £ X - !
¥ o T
ot 5 = T -
12 el L t =
-.C - —
P T 1> T 3 =
c SN .
P wE A -
7 r T Py i
< T g '
m e 2=
P = =
H
Y T T T t
=,
! : : s
R 3 =
: -
oty I H
@ ; : !
T T Y
ot )
X .
T : .
- '
: T et =
-l kS  § x o oy ooy
i 3 T + el ooy
-2 : =i
= T C=aes oo o bxe) z = : pond
Y by > foodamadchot o
- > B, ¥ —o o "
> =it e e ™3 > ;
A m T
At e e ——— T
: e = 44 ;
3 - - . Jom T — T
T : T =
Xy 1 . -
1 I 1 =
w - T T 3 =
T
™ : i 1

PR s snsm gt gt stk ey

. [t by »

S oy o) 1=

g e e A

et ot o et b o i 10 8 il
{

:
00
|

N DR

000

TItTATI

45 SRR =) JEEEPECEE NS N X
[ gt g S s S——— JoU ey — St Py = 1: -y
s e SS=STTEIEE ey
‘é’ : : ; e s -~
e S N > _
'.u:v R 3 | 3 7 e s Easas =
: T T et S e
YIS s Ry Foemty eI A e
Lo LR - by
pr s gy e ey gt IR EE Ry S AL LR Do JEELE S
o) e T o RRR RS R o it pry popate k=4
g bt : ", 2
——— e P e «v e prstevi IS
= 3
= LR e p T s Byl et =31 Ed
== R it gles ey T 3
© e S Y goffvanee . e S ST ST Pt T
— -] 3. oty Mg - e e ok 3 k§
= (S PE g PSP Rl STyl bt rpavie i beh PETPT el P gy CE SRR S Sy 1 IpriTTTeg
R trmm e e e e e T T S pETeTem e
P ) i gy e gt lotsbn tiampaind Spuiapdusis Megpuptdvengfng 37 ol Mgl o 4 Vi
e e e e : it SEIIRIENTANS
g i Jugs i gy Supibmetni gt S sogn i gy T 3%
o 45233 ¥ SRR e O B rrere Sy ! A FEEtE Chr] 353 3
x 1 -ty Eai] priast bepee poiniell S lea bl Wl s K1 o 32
) i dortaringusiag Bo R IR R e e AR E R R
HES wrensd T
Hrds. S EErka T AT ) Y fEest Enaay e I
EE T B STy At Sy I s ST R Ry
Py ¥ X T rans Fea pehatyos 4 s raeggnp s el
S : = 3 EECESEREgS Pl
fre ey y
; : E
3 o o sty o ame Py
T ST e E
B < - .“. - )
fas e 3 : Rl ehr ot
et e § 1 332
Mty 3 i phunit - e rimem—
be 2 t P v 315
= =T : 3
3 e S e e ) [ Rl cylevoy pp x
3 " A== R EET goa 3T5T 25T
Tt TeEThAT R PEESERE pELr SR L R KR ey i HEEECEX
w PR ia i T A N T pe s e s T R e R EEC e R R R R PRI B

4600

=}

P o o
@

(11a)

ine

Iy

IR Spectrum of (1R,35,45,5g5)~(~)-5~Methyl-S ~-neomenthyl-N-tosyl Sulfoxim

11

18.



58

o g ara .
o~ - 2 R TR R KR S S
ek 2 } RN R F RN
e i
et Y
T = =
Tt %
o
-
T T - e
T it
T
- ¥ oy
A 3 ¥
T ¥
= a— . ) =
- - . { b4
T o3 +
Lo =} e 2
- 2
o~ ET T X I T g —— ] =
— - o — 1 T =3~
5 =]
1 -
o~ =
= e St eyl ]
¥ =T <3 i oys Bftpmin e b -
o, I e S
; S vy aeeniiy 1 T
T T
t 3 - : o
=) 3 =3
- =
+ 4 —
Y T
J Y
o 1
: 1
o 3 X. = b
: S 7 ; ]
Y =
e
—— - + " - ——— —— Aiaed
© T T e s— : ¥
P - - ¥
L 3 -t AN gl AL ey _i e ]
3 I privunuans
g gty PO
T . — Prrpiunin =
T o 3 » " ==
¥ i € = T - T
4+ 4 o - I e i =
L L3 L1 g iy L S v
I 2} : ' S —— z vt ™ e cg
P z —— ~ e | X et -
T : " 2 7
+ I ¥ 1. 1. T 3 L PSR SO
+ i ; e e Ew— T IS
T 4 P —— L iy ameed vam o]
~ 3 Pk S e e o e o
=t ¥ t Tt s et
g el e Y i 4
T £ ¥ ¥ Y
- X s 3
. T L T T T - ft )
— ; 7 b= —13
T : R — 3 3
£ 3 ¥ =
; £ I 1 == : =
w Fr— x T ¥ T
rwmy Sy 0 %
3 T - T 3
-] ye- —~— g e 4
Y ~ > +
= Y
- % T e : = -
S { =
: 3 Do et + 3
A =} t =
f G e e ] ————iE vt o~
h '} -
} T %
¢ 3 i T
T T T
P —
. - - - vd
ety 7
T < =, = ) e
¥ f 1 > o
T )
3 < ! <
w e | o =k
- 3 7 \ e -~ T
ot : Y " " m T Y T
i ; 1 { = -
: pastery L....qi_.._j.._._,..:_.a. 1 =
=% : 1
3 Sy [
T = o 3 ’Z = 3
— ; p— t
. ik P s T
1 X Vi
S 1 7 | and T = =
[ ST =7 3=t T
o LS r\_:-{ ey 3 R e e L BT e T, - 18
B e N s S RN P e AR SRR R et rr e s IS EER N § T EE EERoE RERRY RNy 1
"1 iz ! P WAy fresan & bubvbies [y gyall Bsqparm b gy yallage-ogp v diun tvay Jotone 1 Slbivd s S e
P I oy iy P St Se) St S S aente i rem ey Py e (Y00 Graegermg IErarons Spgeugr® fr i fasre oo
3 JITasEa e red AR T R B e K S T E R At Ry RS P b SEEEs
o 12 =3 : } - : ey R
¢4 Ny -
7 z T T o
53] ' 4 - e + <
¥ T Y 3 =T
t; =3 ¥ A T Sl g Py g fog PP Sapbny I aog pand (]
= e e e e e T ety Y Y ol M vy — e e oS
=3 , = e ENT TR VERrs PR DRt LR R TLCp s Eaa e e T
i . 1 w s =ity ! IEEE L E] somiv 7 =]
Q Y : " L e e T St e et (NI R et PP PS8 3 a;’.
o4 e IS T e e, NG ot i) EEEnierat et
pogs B T B B R 3T
'S} e TS gy
P : = = = 3 = ==
2 ol T AT y svadt R T R R e ek N e
T = o g |
=t T e et 1 EERE SerTr e e I T Ty
1 3 o B 5 e eand r T S e a3
7 a2 oyiazrpmeidirerio iy
ery > + 3 vt g sbolilos o poarane i Hovi
: o + f o B S Belal ea ke
wnap ot ; Lo dmy, . { e Sy UOEpol 1§ § 4
Tt e s T e N e e R e R e R S B I R
Y 3 ] = T G e e S ol LN DV
1 T t T = s ¥ T &>
I - e X
o ) - ot 3 + ey (e R El —
z i 3 TSI £ =g TSI
= ¥ ¥ 3 : et =
T y { e Eamien 2 P pedeay
i ‘i : o idT IR
T I Rt o) T S S S ]
I . 333735 a3 = 33
L\ vl ==
"3 =4 * ) 4 o 4 - - LR LR suipsiay e o -
T Ly 5 Ao Bt T3
3 3 L T 4 pisseney B et K e Epnal St e R el
™ P ! y PESRaXER T = msres e TR e TR T 1T
?
(]

100

(=]
<

(]
[y

4001

ne (11lb)

imi

IR Spectrum of (1R,35,48,Rg)~(+)-5 ~-Methyl- s~-neomenthyl-N~tosyl Sulfox

i2

o



(BTT) GUTWIXOIINS [ASO}-N-1AUIUBWOU-G-TAUIOW-§-(~)~(58'S¥ e ¥T) JO wna3oeds wwN Dgy © €T "Brd

59

HWdd .
oz og [4]51 oL 08 08 007 077 [+2:3 0EY [+]:4
1 . { N . [INR NN I | . 1 L 1 . 1 ) ] ; Lo 1 L i
re it " ‘E . . ' OV " e -ﬁ —
_ ||
, *
M L
L
SIN
3 / z,O
2 /m//
AV [CT (o R e i} E% n e} m Uu % (s3] o.m
I njco W =3 a]



(aTT) eurwrxoyIng14Asol-N-rAyruemosu-s-1AUION-S~(+)~(Su‘Sp* SE WT) JO wniioeds AN Dep ¢ ¥T 81

S0E'¥YS

gIr'ye —
2Y2°9E ~—
25y’ gy

€18 82 —
668 ¥y —

60

SIANNIN €°TF FWIL “ViOL
8 IZIS 14

ZH|0°2 ININIOVOUE 3NIT
- SNISSED0Hd Yiva
R IH 02 3iVH NIdS
w  ONITGN0330 O3ive
0 FEEF SNOILYL3d3Y "ON
N S L JHNLYEIdWIL INITEHY
S334930 9€ HLUIM 38Tnd

038 §°2 AV NOLLVXYI3d

23S 666°0 SWIL "8IV

ZH BLE6T2 HLOIK HID3dS
ZHW 62754 AON3NDIHA
NOSHYO 3AH3SED

§°02  Hdd 0°32 s 52 o-ze 522
-_—-._~—m_»__mmu_-_

0v0°gay —

illmﬁ

L63°32
828

€700 IN3AT0S
& £6-68~50 3iva
NS TAONINDIS 35N Tux3

80



(ar1) eutwixoying 14s03}-N-14Ayluswoau-g

599782 wm

mw
W :I../m .,czZ .

438°8p ~—

343
043 pE—

.

~TAUyrew-s-(+)-(S¥‘sy'SE*¥T) J0 (ldv) unaioeds uWN Jgr * ST 314
Hdd 02 oy 08 08 [1]9)3 [01:11 ovy
[ R Lol 1 TS T N T T YT N SN VO R TSR TR NN N A A N R N A AR A AR S R T T L1 | 4
— -
O
M\uq >
e Il
28 b



62

[}
= 17
/ -
A AL
m/
7
7]
o
i
(RN L
i) o o
oo w0
) L
D
lxj - L
i)
oy b
-+ s ~
) == (4 iy
o 3
[¥1} - [~
-
{3 L L
] o
o] - 0
" <
vt
[
*d
o =
uy Ealls 3
1y = P +
-~ e S -
o L -
<}
-4
E [}
~ =
-t ~r
L C -—_——:- -t
o R 1-—
e ']
&) =
0 L
- o
i, " i
ur —= L
L e S s s e e LR Y 1
o = [\ o f\n) ) =
5 o G - ey px
o SR

)-S5-Methyl-S~neomenthyl-N-tosyl Sulfoximine (11a)

Mass Spectrum of (1R,3S5,4S5,8g)~(~

Fig. 16



63

A7 Xl Bgdel  B-JN-G3 11:04D:1:18 ZRB-E Fo+

Bofcd Iy He®  TICcB fent: Sus+HIFRB
SINGH-1 PEG/24BR 275-475 =g (a:
g0t 4 18
¥ 14054,887 30,2019 103520800
. + 308714689 415,253
26380234 7248 G-Cepm
8, 0,000 0,600
78 5.,0450 0.6008
- 0,660 0.0080 ,
. 0,000 B.0009
9,000 0,000
. .
40' \S\
W Me
7. TsN \O
2
10
3 ’ax', s kA '..h.-!,t Wi i‘ il tpdipbepeny ]ué v TIF{XIB
1400 1600 1000 2000 2000 2400 2600 2600 3000 %0
516081 x Bgdsl  8-JA-B3 11:GRD:0l:R| ZBE  FBe
2% Wl IR ek : Sus+HIFRB
SINGH-1  PEG/2BA 275475 =" (il
1608 18
+ 14054600 30,2019 117744808
9. + 08757441 415,2543
23637,06%5 721548 - 32
8. 6.6060 )
% | 0.6 0.6009
1 8,808 0.8009
6a. 8.8008 0.0809
8,800 9,060

TifEx1@

i
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Single Mass Input Page- I-1

M/E c H N 0 8 MMU DBE 0B5. MASS
12

372 22 28 0 3 1 11.5 8.0 372. 1644000
18 32 0 3 2 14.9 40
l6 36 0 3 3 18.3 -1.0
15 32 0 4 3 -18.1 C.0
21 26 1 3 1 -1.1 8.5
18 30 1 3 2 2.3% 4.5 [ \
15 34 1 3 3 5.7 -0.5
20 24 2 3 1 -13.6 10 0
17 28 2 3 2 ~-10.3 50 0\5\\\
14 32 2 3 3 ~-6.9 0.0 TN \ Me

0
Single Mass Input Page: 1-1

M/E c H N 0 8 PPM DBE ACC. MASS
12 '

372 22 28 0 3 1 -30.9 8.0 372. 1759168
19 32 0 3 2 -40.0 4.0 372. 1792888
le 36 O 3 3 =-49,1 -1.0 372. 1826608
15 32 0 4 3 48.7 0.0 372. 1462752
21 26 1 3 1 2.8 9.5 372, 1633408

-8 30 1 3 2 6.2+ 4.5 372. 1667127

15 34 1 3 3 -18.3 -0.5 372. 1700847
20 24 2 3 1 36.6 10.0 372. 1507647
17 28 2 3 2 27.6 5.0 372. 1541367
14 32 2 3 3 18.5 0.0 372. 15750886

Fig. 18 : HRMS of (1R,385,48,Rg)-(+)-5~-Methyl-S~neomenthyl-
N-tosyl Sulfoximine (11b)
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are the most sought after chirons for the synthesis of a variety
of commercially important pesticides such as (S)-fenvalerate and

drugs such as (S)~ibuprofen, (5)-naproxen etc.

The methylene transfer reactions were carried out on four
selected carbonyl compounds 12 - 15 using chiral sulfoximines 1la

and 11b. The general reaction can be depicted in Scheme 5.

N-Ts
@ +
tl o + NM— S  Na
DMSO/NaH /25°C R I
R > 0
N-Ts
| .
X NM— S —CH,Na *
I
0
12-15 16-19
Where,
X R
12, 16 H H
13, 17 c1 H
14, 18 H CH3
15, 18 Cl1 i-pr
Scheme 5

The sulfoximine (Ss)-11a on treatment with sodium hydride in

dry DMSO gave sodium methylide o0f S-neomenthyl-N-tosyl
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sulfoximine with the evolution of hydrogen gas. To the carbanion
solution of sulfoximine was added required carbonyl compound at
ambient temperaturse (30-3200) and stirred for a fixed time. After
work up, the crude oxirane was distilled under reduced pressure.
The enantiomeric excess achieved for different oxiranes ranged

£
from 56 to 86% and is summarized in Table 1.

Table 1 : Asymmetric Induction in Oxirane Synthesis using Sulfoximine

(Ss)-11a
Sr. Carbonyl . Product Oxirane
NOo. Substrate «~ec;ceccrrererc e e r e e, —————————— I
Identity Yield(%) [<1p ee(%)GC

1. 12 (R)-(+)~Phenyl 42 +28.57 66.2(a)
oxirane 16 (c,1.85;Bz) (Fig.19)

2. 13 (R)=-(+)-{(4~Chloro- 55 +12.27 55.8(a)

; phenylj)oxirane 17 {(c,1.30;Bz)

3. 14 {=)-2-Methyl-2- 65 -11.3 82.3(a)
phenyl oxirane 18 {(c,0.70;Ac) .

4. 15 (-)-2-(4-Chloro- 80 -31.22 86.0(b)
phenyl)}-Z2~isopro- (¢c,3.78,Chf)

pyl) oxirane 19
# Cyclodextrin B capillary column, 25 M x 0.25 m.m
"a" denotes the fast eluting enantiomer in excess
"b" denotes the slow eluting enantiomer in excess

TSR Y S D WD S WD EE R R W WA W M R TS GEM MR M N IR MM A AW W S S M W W N S W W NS S N N WD AN EE ER S N M S SN WD TR M E WD W T A R W e T dm

#* The results of these studies has been published in 199411



apr et

Racemic

GR+300006 ' 1s40LIY3 NN

TP916  =H34% BI04
gegzr P61 B8d vEDY §LB"T2
2438 I -3 4 141" (X 8z8s5¢ g4t %02
GPOEL 6T o1 dd 6256+ EL -0
r¥38y HiG1If 3441 ©33y 14

ZE3uY

LEOeduaL v~-0626 14

JHB*TIBHOTE W 3714 TENDYS
LR R4 EE 266V TV 438 EL-E) #HNN

OHE®  "UHDIS: 2114 YBUETS £uUIs0L)

seg -2z

sLE @z

=
| %
R T

e
1t
e

=2

IR
BT R

1yvLs

#88761Y

G3+30888° 15401383 0N

ETOP9  =u3d4¥ I¥L0L H
DIELLBY 181" Y [:34:H 228982 .
9e860°'28 231" o4 8tezs rEG 6T }
srLR2L" 168° 4 ase %21t
nBIAG HLOIP 2421 w3dy 14
%n3dy

Ty OE =dWIL H-Deis 014

TETIBUDIS I 13714 TYHDIS
18:19€:2%  2eel *t” o33 “9% #HAY

JHE*  IWHIII:W A1ty (RUEfs suisO1g

460 "EREL

Non~racemic

i

"

<

N
4

(R

i Ty ANTAN

r

i

b

1d4¥Ls

R L - ST R I ey, -— EEP .-

Q
o
ot

%

[»)

[ ot

o g

[o R

St

> 0
=0
124

e
-~

+
Nt Feeed,

I o~
£

.
]
(e
um
o
U ox
>~ O
i T3
o o
o~
< 0

>
OO
e}

[l
~ O
«
[
116
ol
£
=]
-l
*
-}
e
fr,



68

Similarly, when sulfoximine (Rs)~11b was used in the
preparation of oxiranes 16 to 19, the enantiomeric ratio (a:b by
chiral GC) of the products were found to be reversed and the
optical rotations were approximately equal in magnitude but
opposite in sign to those of oxiranes prepared with sulfoximine
1la. The asymmetric induction achieved? using sulfoximine 11b is

summarized in Table 2.

Table 2 : Asymmetric Induction in Oxirane Synthesis using Sulfoximine

(Rs}=-11Db.
Sr. Carbonyl - Product Oxirane
No. Substrate sweccccmccmcccccccrcmc s c e c e crc e e ————
Identity Yield(%) [«C1p ee(%)G

1. 12 (S)-(~)-Phenyl 38 ~26.33 . 61.0(b)
oxirane 16 (c,2.16;Bz)

2. 13 {S$)-(~-)-(4~Chloro- 55 ~10.77 49.3(b)
phenyl) oxirane 17 (c,2.37:;Bz)

3. 14 (+})~-2-Methyl-2~ 589 - 71.1(b)
phenyloxirane 18

4. 15 (+)~2-(4~Chlorop- 81 +29,.04 82.4(a)
henyl)~ 2- isopro- (c,4.0;Chi)

pyl oxirane 19

¥ Same as footnote in Table 1

The major enantiomer of oxiranes 16 and 17 resulting from
the reaction of benzaldehydes 12 and 13 with sulfoximine (Ss)-
1la had (R) configuration, whereas sulfoximine (Rs)-11b gave (S5)

oxiranes. Phenyl ketones 14 and .15 when reacted similarly with

1
# The results of these studies has been published in 19941 .
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(Ss)~-11a to give oxiranes (~)-18 and (~)-19 (Absolute
configuration of these oxiranes not established)lz. while
sulfoximine (Rs)-11b reacted with phenyl ketones 14 and 15 to
give oxiranes (+)-18 and (+)-19., Thus in all these cases, ee of
oxiranes obtained with (Ss) sulfoximine was different from that

of the oxiranes obtained with (Rs) sulfoximine.

Other carbonyl compounds 1like heliotropin and p-
anisaldehyde etc. were also reacted with these sulfoximines under
identical reaction conditions. The enantiomers of the resulting
oxiranes were not separating on chiral GC column and therefore
the extent of asymmetric induction achieved could not be found
out.

Attempts to extend the applicability of this reaction to
aliphatic carbonyl compounds such as n-heptanal, 2-octanone and
phenoxyacetaldehyde etc. have not met with success (very poor
yvield, 10 % under the same condition as for 12 - 14, other side
products).

The aqueous layer after work up, during MT reaction contains
sodium salt of N-neomenthyl sulfinyl-p-toluene-sulfonamide.
Acidification of aqueous layer with quantitative amount of dilute
hydrochloric acid followed by extraction of precipitated solid
with ﬁolvent ether gave N-neomenthyl sulfinyl-p-
toluenesulfonamide 20 which has been characterised by 1H NMR and

IR. The NMR spectrum shows the disappearance of S-CH3 singlet at

S 3.45.,
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0==§ —NH-Ts

‘ (o8]
L}

D. ABSOLUTE CONFIGURATION AT SULFUR®

As shown in Scheme 4, (1R,3R,4S8)-(-)-menthol possessing
three stereogenic centers was the starting material. During the
preparation of 11a and 11b {(see Scheme 4), in step (ii)
inversion of configuration at C3 takes place. In the remaining
steps the configuration of neomenthyl moiety remain (1R,35,485)

unchanged because they are not directly involved in the reaction.

When neomenthyl! methyl sulfide 8 is converted into
neomenthyl methyl sulfoxide, a new stereogenic center is created
at sulfur atom. As well documented in the literaturelg,
sulfoxides exhibits pyramidal bonding and can be resolved to its
enantiomers. The epimeric pair of sulfoxides 10a and 10b differ
only in the configuration at sulfur atom. The epimers of
sulfoxides 10a and 10b could be completely separated by repeated
fractional c¢rystallization into pure epimers. Absolute
configuration at sulfur of (1R,35,45)-(+)-S-methyl-S~-neomenthyl
sulfoxide, 10a (m.p. 124—2500) has been found to be (S) based on
single crystal X-ray siructural analysis. (OTREP DIAGRAM,
Eig.zo). Optically pure sulfoxides having stereogenic sulfur
*  We are thankful to Prof. G. Newton of University of

Georgia, Athenes, U.S.A. for single crystal X-ray analysis

of compounds 10a and 11b.
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react with tosyl azide in presence of copper powder (Kwart-Kahn
method)4 to give corresponding sulfoximines with retention of
configuration at sulfur14. Accordingly, sulfoximine 1la derived
from sulfoxide 10a should have (8} configuration at sulfur
{Scheme 6). The epimeric sulfoxide 10b (ligquid) and sulfoximine

11b derived from 10b then should have (R} configuration at

sulfurls.

) S
SN o Me
O\ “ Me - \b

(lR;3S;4S;SS)-(+)'an (1Rr3S,4S,RS)~(+)—‘]_-__O-P_

m.p. 124-25°C Liquid
S WS—
NTg 0

(13’35'45'55),(_)_113 (1R1353451RS)_(+)-EAE

m.p. 115-16°C m.p. 74-75°C

Scheme 6§
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This has been confirmed by single crystal X-ray structural
analysis of sulfoximine 11b (ORTEP DIAGRAM, Fig. 21) showing the

configuration at sulfur to be (R).

The determination of absolute configuration at sulfur atom
of sulfoxides and sulfoximines in this study once again proved
that @onversion of optically pure sulfoxides to sulfoximine under
Kwart-Kahn condition proceeds with retention of configuration at

sul fur,

E. CONCLUSION

We have presentéd a very useful method, with good scope for
further improvement, for the synthesis of non~racemic oxiranes in
fairly high enantiomeric excess (56-86%) by the reaction of
prochiral carbonyl compounds with chiral sulfoximines., As
anticipated at the outset, the chirality of the ligand on
sulfur did influence the extent of ee achieved in methylene
transfer reaction. The absolute configuration at sulfur appears
to be the guiding factor in deciding the absolute configuration
of the oxiranes formed. Absolute configuration of crystalline
sulfoxide and sulfoximines have been confirmed by X-ray
diffraction analysis. Determination of absolute configuration at
sulfur of sulfoxides and sulfoximines once again proved
conclusively that Kwart-Kahn reaction proceeds with retention of

configuration at sulfur.
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Fig. 20 : ORTEP Diagram of (1R,35,45,5g)~(+)-5~Methyl-5 -
neomenthyl Sulfoxide (10a)
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Fig. 21 : ORTEP Diagram of (1R,35,4S5,Rg)-{+)~-S5-Methyl-5-
neomenthyl-N~-tosyl Sulfoximine (11b)
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F. EXPERIMENTAL

General : All melting points and boiling points are uncorrected.
Optical rotations were measured at 25°C in chloroform (unless
otherwise stated) on a JASCO model DIP-370 digital polarimeter.
Chiral GC analysis were done on a cyclodex B capillary column, 25
M x 0.25 m.m. (J & W Scientific) using a Hewlett-Packard model
5890 gas chromatograph and model HP 3396A electronic integrator.
The various spectra were obtained using following instruments.

IR Spectra : Perkin Elmer Model 781

UV Spectra : Perkin Elmer Model 402

IH NMR Spectra : Perkin elmer R-32 (80 MHZ)

High resolution 1H NMR : Varian XL-300 spectrometer (300 MHZ)
Bruker AC (250 MHZ).
13¢ NMR Spectra : Varian XL-300 (75 MHZ)
Bruker AC-250 (63 MHZ)
Mass Spectra : TRIO-1 GC MS and Finnigan Mat - 1020

HRMS : VG ZAB-E mass spectrometer (Manchaster, UK]

Single-crystal X-ray Diffraction Analysis : All X-ray data-were
collected at room temperature on an Enarf-Nonious CAD-4
diffractometer using Cu~-K% radiation with a graphite
monochromator. Structures were solved using direct methods (SIR -

82) and refined by full matrix least square methods in the teXsan

program suite,
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Solvents and Reagents : Pyridine was dried over calcium hydride
and kept over KOH pellets. {~)~-Menthol used was of natural origin
with 99 + % optical purity. p-Toluene sulionyl chloride was from
Fluka-AG. Dimethyl sulfoxide (DMSQO) was dried over calcium
hydride and stored over 4°A moleculag seives., Diethyl ether was

dried on lithium aluminium hydride.

Column chromatography was performed on Acme's silica gel
(100-200 mesh size) Thin layer chromatography (TLC) was performed
on glass plates (7.8 x 2.5 cm.)using Acme's silica gel containing
13 % calcium sulfate as binder. The Spots were visulized in

iodine vapour.
(1iR,3R,4S8)-(-)-Menthyl p-Toluene sulfonate (6)5

Treatment of (1R,3R,48)-(~-)-menthol, [[L]lp =~48.5; (¢,2.2,
EtOH)] (5; 81 g, 0.52 mol) in dry pyridine (780 mL) at 0°¢c with
p-toluene sulfonyl chloride (199 g, 1.04 mol) overnight followed
by usual work up16 and crystallization from pet-ether 60-8008

gave beautiful crystals of desired product 6. Yield, 147 g (91%).
Observed [K]lp -67.63 (c,3.12)

Reported® [«<]p -69.5 (c,2.99)
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(1R,35,45)-(+)-Neomenthyl Thiocacetate (7)%

{-)-Menthyl p-toluene sulfonate (6 ; 110g, 0.35 mol) was
added to a solution of potassium thioacetate (125 g, 1.1 mol) in
.dry DMSO (325 mL) and the mixture stirred vigorously at 45-50°
for 40h (Monitored by TLC). Water (350 mL) was added to the
cooled reaction mixture and the product extracted with chloroform
(100 x 6mL). The combined organic layer was dried (Na3504) and
the crude product (76g) fractionated via a 25 cm. long vigreux
column (b.p.99°C/2 m.m.) to get 7 of 94 % GC purity (6',10% SE-30
on Chromosorb W, oven temperature 17000, FID}. This material
was passed though a silica gel column to get single spot (TLC)
product, 7. GC -~ 98.15%, yield, 47g (62%) [Reported yield, 50%]5.

[Clp +76.4 (c, 2.73)

Reportedd, [<1p +64.0 (c, 2.66)
(1R,35,48)«(+)-Neomenthanethiol (8)5

To a stirred suspension of lithium aluminium hydride (6.7g,
0.17 mol) in dry diethyl ether (150 mL), a solution of pure (+)-
neomenthyl thiocacetate (7; 35.2g, 0.16 mol) in dry ether (70 mlL)
was added at 25°¢ under dry nitrogen atmosphere. After completion
of addition {(1h), the mixture was refluxed for 4h. The reaction
was monitored by GC (6', 10% SE-30, 17?08, FID) showing complete

disappearance of thicacetate peak and appearance of a new peak at

relatively lower retetion time (RRT, 7:8 1:0.47) corresponding

to thiol. The mixture was cooled in ice water and treated slowly
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with water (75 mL). The gelatinous ppt was dissolved in aqueous
10% Hy804 (200 mL). The organic layer separated and the agqueous
layer re-extracted with solvent ether (60x3 mL). The combined.
ether extracts dried (Naz504), ether distilled off and the
product (28.9 g) distilled under reduced pressure (b.p. 929C/7mm)

to get pure (+)-neomenthanethiol (8 ; 23g, 92 % yield).

GC (6',10% SE-30 on chromosorb W, 170°C, FID) - 98 % pure.
[€]p +53.09 (c,1.94)

Reporteds, [<]lp +53.9 (c,1.85)
(1R,35,48)~(+)-S-Methyl-S-neomenthyl sulfide (9)5

In a dried glass assembly was taken dry methanol (300 mL),
under positive pressure of dry nitrogen and pieces of sodium
metal (7.4g, 0.32 mol) were added in small lots in about 30
minutes duration. The resulting sodium methoxide solution was
cooled to 3000 and (+)-neomenthanethiol (8 ; 50.2g, 0.29 mol) was
added in about 15 minutes time. The mixture was stirred at room
temperature for about 1h. Methyl ioﬁide (45.33, 20 mL, 0.32 mol)
was added and stirred for 3h. The reaction was monitored by GC
(6',10 % SE-30, 17000. FID) showing complete disappearance of

thiol peak and appearance of a relatively higher retention time

peak corresponding to sulfide (RRT, 8:9 1:1.21). Methanol was
distilled out under vacuum, the residue is dissolved in
chloroform (200 mL), washed with water (50x2 mL) and dried

(Naz504). Removal of solvent affords the pure product (8 ; 50.7g,
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94 % yield). GC (6',10 % SE-30 on Chromosorb W, 170°C, FID) -98 %
[<]lp +95.794 (c,3.85)

Reported5 [X]lp +80.3 (¢c,3.52)
(1R,35,48)~-(+)-5-Methyl-S-neomenthyl sulfoxide (1oa and 10b)5

To a solution of (+)~S-methyl-S5-neomenthyl sulfide (9 ;
10.13g, 54.5 mmol) in glacial acetic acid (3.2 mL) was added
aqueous hydrogen peroxide solution (30 % w/V, 6.2 mL, 54.7 mmol)
in 1h at 18°C and the mixture stirred at 20-30°C until the
oxidation was complete (50h, monitoring by TLC and 1H NMR). The
product was taken up in chloroform (50 mL) washed with water (50
ml.), aqueous potassium carbonate solution (5%, 15x2 mL), finally
with water (20 mL), dried (Na3504) and freed from solvent. The
residue (10.61g,, 96.5 % yield, {[£]lp + 78.08 (¢,1.46) was found
to be a mixture of epimeric sulfoxides 10a and 10b (35:65; chiral
GC€C, cyclodex B capillary column, 15000). Crystallization of the
product mixture from n-hexane-chloroform (97:3; 20 mL) gave a
solid which after recrystallisation to constant m.p. weighed
3.1g, (10a, m.p. 125-2600). The mother liquor was freed from
solid epimer by repeated chilling and filtration. Distillation at
120°C (bath)/0.5 m.m. gave a colourless liquid, (10b ; 6.6g,

epimeric ratio, 1:99, chiral GC).
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Solid sulfoxide 10a : (1R,3S,4S,5s)-(+)-5-Methyl-S- neomenthyl
sul foxide
m.p. 125-26°C
[<]p +140.06 (c,1.48)
Reported5 [<lp +136.7 (¢,1.35)
IR (Nujol) : 1380, 1380, 1320, 1260, 1020, 1005, 865, 940, 700

cm™ ! (Fig.6)

1
H NMR (90 MHZ, CDC1l3) : (&), 0.7-1.2 (9H, m, all -C-CH3), 2.58

(3H, s, -5-CH3), 2.81 (1H,t, HC-S)
(Fig.1)
13c NMR (CDCl3) : (§), 21.18, 21.42, 22.71 (all -C-CH3),
47.69 (-S-CH3),
25.94, 33.85, 35.02 (all -C-CHp), 27.56,
29.26, 38.50 (all -C-CH), 59.55 (CH-S)

(Fig.3 and 4)

Chiral GC : Cyclodex B capillary column, 25 M x 0.25 m.m. oven
temperature -15500. Retention time 19.6 mins., purity

100 %.

X-ray structural analysis : Slow crystallization from
acetonitrile:water (85:15) gave bold crystals of 10a. The
structure was confirmed by X~ray structural analysis and absolute
configuration at sulfur was established to be (8).

(ORTEP DIAGRAM, Fig.20)
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Liquid sulfoxide 10b : (1R,35,4S,Rs)~(+)~-S-Methyl-S-neomenthyl

sulfoxide
[Llp +23.75 (¢,2.1) Refractive index 1.4850 (ZSOC)

IR (neat, Thin film ) : 2960, 2920, 2880, 1480, 1455, 1425,
i385, 1370, 1035, 930, 680, cm-l
(Fig.7)

1H NMR (80MHZ, CDCl3) : (), 0.7-1.2 (9H,m, all -C-CH3),
2.60 (3H,s, $-CHz), 3.28 (1H, broad
s, HC-§) (Fig.2)

13¢c NMR (CDC13) : (§), 21.80, 21.93, 22.43 (all -C-CH3),
49.95 (S-CH3), 25.92, 35.43, 37.02
(alil-C-CHp), 27.82, 29.33, 37.79
(all-C-CH), 63.56 (CH-S) (Fig.5)

Chiral G C : Cyclodex B capillary column 25 M X0.25 m.m,

oven temperature - 155°C.
Later eluted epimer, Retentioq time 20.0 mins.

optical purity 99.7 %
{1R,35,485,8s)~-(-)-S5~Methyl-S~neomenthyl-~N-tosyl sulfoximine (11a)

A mixture of solid sulfoxide 10a (7.07g, 35 mmol), p-toluene
sulfgnyl azidel7 (13.74g, 74 mmol), freshly precipitated copper
powder18 (1.85g) and anhydrous methanol (50 mL) was refluxed
gently for 64 h (about 80 % conversion, 1H NMR). Methanol was

distilled off on rotavapor and the residue was stirred (30
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minutes) with a saturated solution of NajEDTA (125 mL). The
réaction mixture was extracted with chloroform (50x5 mL}, organic
layer treated with activated charcoal (2g), filtered (using
filter aid) and the filtrate washed with dilute aqueous sodium
hydroxide solution (5%, 20x2 mL) (To remove p-toluene sulfonamide
being formed as the side product by the reaction of nitrene
intermediate generated from tosyl azide with methanol) and water
(40x3 mL), dried (NayS0y) and was freed from solvent. The residue
(12.1g) was subjected to column chromatography on silica gel
(500g) and eluted with n-hexane-acetone (80:20) to give pure
sulfoximine (1lia ; 8.4g, eluted first) and unreacted sulioxide
(10a ; 1.0g, eluted later). The yield of sulfoximine based on
consumed sulfoxide was 75.4 %. The product was recrystallized
thrice from different solvent systems viz., chloroform : hexane
(20:80), absolute ethanol and acetonitrile : water (85:15) to
give beautiful needle shaped crystals. The optical rotations
after each crystallization remaims unaltered.
m.p. : 115-16°%
[e<]1p -60.9 (c, 2.54)
IR (Nujol) : 1330, 1278, 1232, 1205, 1150, 1080, 1022,

785, 718, 680, cm + (Fig 11)

UV (EtOH), max (€) : 237 (3800), 257 (680), 263 (760),
A\

268 (640), and 274(550) nm
1y NMR (300 MHZ, CDCl3): (8), 0.84,0.91,1.04, (3H each, d ; total

gH, J = 6.6, 6.3, 6.3 HZ respectively ; HC-CH3),
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2.42 (3H,s, Ar-CH3z), 3.46 (3H, s, S-CH3), 3.78 (1H,q, J = 3.6 HZ
HC-S), 7.27 (2H, d4; J = 7.8HZ, Ar-CH), 7.84 (2H,d ; J = 8.4 HZ,

Ar-CH) (Fig 8)

130 NMR (75 MHZ; CDCl3): (&), 21.09, 21.26, 21.83, 22.16

All -C-CH3), 43.84, (S-CHz), 23.59,
34.31, 35.51, (All -C-CHp), 26.30, 28.32,
49.01 (Al1-C-CH), 63.989 (CH-S), 126.13,
128.87 (All four Ar-CH), 141.00, 142.22

(A1l Ar-C-) (Fig.13)

EIMS, M/Z (%) : 371 (m*,7) 234(65), 216(15), 155(28), 138(87),

123(35), 95(100), 81(49), 55(43) (Fig 16)

Microanalysis :
C1 gHz2gNO3S2 Requires : C, 58.18 % ; H, 7.87 % ;: N, 3.77 %
Found : C, 58.04 % ; H, 8.21 % ; N, 3.56 %

Absolute configuration at sulfur : Since its epimer 11b has (R)
configuration at sufur (See below), this sulfoximine 11la must
have (S) configpration at sulfur. Besides, the fact that it has
~ been synthesized from a sulfoxide having (S} configuration at

sulfur provides support for this conclusion,
(1R,3S,48,Rs)~(+)-5~-Methyl~S~-neomenthyl~-N-tosyl sulfoximine (11b)

The liguid sulfoxide 10b (9.1g, 45 mmol), p-toluene sulfonyl

azide.{17.7g, 90 mmol) freshly precipitated copper powder (2.31g)
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and anhydrous methanol (55 mL) were refluxed for 46h (about 890 %
conversion, 1H NMR). The reaction mixture was worked up exactly
as in the case of 1la. The column eluted product (13.5g, 80.5 %
yield) was crystalized from two different solvent systems viz.,
n~hexane : acetone (94:6) and n-hexane : chloroform (92:8) into
beautiful tetragonal blocks of crystals which was found to be
suitable for X-ray structural analysis. The optical rotations
after each crystallization remained unaltered. The epimeric
purity of sulfoxinine 11b was 100 % (1H NMR : no detectable
signals due to 10a)
m.p. 74 -75°C
[<lp +101.9 (c, 3.88)
IR (Nujol) : 1602, 1330, 1320, 1305, 1240, 1225, 1200,
1150, 1070, 820, 805, 790, 732, 680, 650 cm -
(Fig.12)
UV (EtOH), max (€) : 238(3770), 257(680), 263(750), 268(640),
274(550) nm
1H NMR (cpciz) : (é), 0.76, 0.80, 0.92 (3H each, d ; Total 9H,
J = 6.3, 6.4, 6.3 HZ respectively ;-C-CH3z},
2.32 (3H, s, Ar-CHz), 3.50% (3H, s, S-CH3),
3.57 (1H ; q, J = 3.0 HZ, HC-5) 7.18 (2H, d ;
J = 8.1HZ, Ar-CH), 7.74 (2H, d, J = 8.4 HZ;

Ar-CH) (Fig. 9 and 10) !

W - . B W W W W AN W R TR CUS W W U WD S G S e WA e G PEs e AW W AR TR D W W G W M D GED D GO W S R G M W W W ST SN M M G W S WD W S S

¥ There is a Shift of 0.1 ppm (instrumental) towards high

field which is corrected in Fig.10.
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13c NMR (75 MHZ, CDClz) : (&) 21.19, 21.28, 21.92, 22,08
(All -C-CH3), 44.91, (-5-CH3)
23.54, 34.44, 36.22 (All -C-CHp)
25.61, 28.66, 48.61 (All -C-CH)
64.17 (CH -5)
125.82, 128.69 (4C, Ar-CH)
141.00, 141.94 (2C, -C-)

(Fig. 14 and 15)

EIMS, M/Z, (%) : 372(M +1, 33), 370(M -1, 29), 236(54), 235(50),
'234(100), 218(25), 217(20), 216(100), 159(19),

152(21), 139(31}, 105(25)

HRMS : Exact mass, (M++1), Found : 372.1644

Cq18H3(gNO3S2 Requires : 372.1667 (Fig.17 and 18) -

Absolute configuration at sulfur : Structure of sulfoximine 11b
was established by single crystal X-ray structural analysis

(ORTEP DIAGRAM, Fig.21). The absolute configuration at sulfur was

found to be (R).

General procedure for the preparation of oxiranes (16-19) from

carbonyl compound (12-~15) using sulfoximine 1l1la and 11b

To a solution of sodium hydride (0.12g, 50% dispersion in

\
oil, 2.4 mmol, washed three times with dry n~hexane) in dry
dimethyl sulfoxide (10 mL)} under dry nitrogen atmosphere was

added corresponding optically pure S-methyl S-neomenthyl-N-tosyl
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sulfoximine, 1la or 11b (0.82 g, 2.2 mmol) in dry DMSO (10mL)
and the mixture stirred at ambient temperature (30~82°C) for 4h.
To the sodium methylide solution in DMSO was added the
corresponding individual carbonyl compound (2 mmol) in DMSO (2
mL) and the reaction mixture stirred at room temperature. The
reaction takes about 2-18 h to complete (GC, disappearance of
carbonyl compound). The reaction mixture was cooled to 10°C,
diluted with water (25 mL), extracted with n-hexane (10x5 mL},
the combined organic layer washed with water (20x2 miL}), dried
(NagS04), freed from solvent and the residue distilled under
reduced pressure (2-20 m.m., small bulb to bulb distillation).
The products were identified by spectroscopic methods (IR, 1H

NMR). The enantiomeric excess were determined by GC on chiral

cyclodex B, capillary column,

The yields of the product oxiranes, their specific rotations
and enantioneric excess obtained are summarised in Table 1 for

sulfoximine 11a and in Table 2 for sulfoximine 11b.

Asymmetric synthesis of oxiranes using (1R,35,4S5,5s8)~(~-)=-5-

methyl-S-necmenthyl-N-~tosyl sulfoximine, 1lla

(i} (R)-(+)-Phenyloxirane,(16) : The sodium salt of 1la (0.82g,
2.2 ymol] in DMSO was treated with freshly distilled
benzaldehyde, 12 (0.21g, 2 mmol) and stirred at room
temperature for 30 minutes. The work up of reaction mixture

as above gave (R)-(+)-Phenyloxirane, 16 (0.1g, 42% yield).
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The product was characterised by 14 NMR and IR.
[<]p +28.57 (c,1.85, Benzene)
Reported19 [<lp +44.4 (c,1.05, Benzene)
Chiral GC : Cyclodex B capillary column, oven temperature,

BODC (isothermal). The enantiomers were separated base to

1]

base Peak No.l1 : (R)~(+)~-isomer 83.0 %

16-8 %

ft

Peak No.2 : (S8)-(~)-isomer

It

% ee 66.2% (Fig.19)

The racemic oxirane (prepared as per reported method]10 was
separated base to base exactly at the same position with 50:50

composition, (Fig.19)

{ii) (R)=-(+}-(4-Chlorophenyl)oxirane (17} : Following exactly
the same method as in (i) using p-chlorobenzaldehyde, 13 to

gave 17 in 55% yield.

[«¢]p +12.27 ( ¢, 1.3, Benzene} The [«]p of pure oxirane

not reported.

Chiral GC : Oven temperature 100°C. Enantiomers separating

base to base,

77.81 %

]

Peak No.1 : (R)-(+)~-{4~-chlorophenyl) oxirane

1

Peak No.2 : (S)-{-~)~(4-~chlorophenyl) oxirane 22.098 %

% ee = 55.82 %
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(iii) (~)-2-Methyl~-2-Phenyloxirane, (18) : The sodium salt of 1la

(2.2 mmol) in dry DMS(O was treated with distilled
acetophenone 14 (0.24g, 2 mmol) and stirred at room
temperature for 18h, work up as usual furnished pure 18
(0.17g, 65% yield)

{<]p -11.3 (¢,0.7, Acetone)

Chiral GC : Oven temperature 800C

(iv)

Peak No.1 : (~-}-18 = 91.12 %
Peak No.2 : (+)-18 = 5.88 %
% ee = 82.24 %

{(=)-2-(4-Chlorophenyl)-2~isopropyl oxirane, (19) : 1-(4-
Chlorophenyl)-2-methyl-propan-i-one, 15 was treated
similarly as in (iii) and stirred 18h followed by work up
furnished oxirane, 19 (0.31g, 80 % yield)

[¢]lp ~-31.22 (c¢,3.78, CHCl3) The [KX]p of pure oxirane not

reported

Chiral GC.: Oven temperature - Programming from 80°C to 110%

{Rate - 1°C/minute)

Peak No.1 : (+)-19 = 6.93 %
Peak No.2 : (~}-19 = 92.02 %
% ee = 856.1 %
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Asymmetric synthesis of oxiranes using (1R,35,45,Rs8)=-(+)}=~S~-

methyl-S-neomenthyl-N~tosyl sulfoximine, (11b)

The method of preparation is same as described in 11a
{i) (S)-(-) Phenyloxirane, (16)
Yield - 38 %

[<]p =-26.33 (¢, 2.16, Benzene)
19

Reported [€lp -44.4 (c,1.5, Benzene)
Chiral GC : Peak No.l : (R)-(+)-Phenyloxirane = 19.5 %
Peak No.2 : (S}-(~)-Phenyloxirane = 80.2 %
ee = 60.8 %

{ii) (8)~(~)~-(4-Chlorophenyl) oxirane, (17)

{<lp ~10.77 (c, 2.3, Benzene)

Chiral GC : Peak No.l : (R)=-(+)~isomer = 25.4 %
Peak No.2 : (S)=(-)-isomer = 74.6 %
ee = 49.2 %

(iii) (+)-2-Methyl-2-Phenyloxirane, (1B} :

Chiral GC : Peak No.1 : (~}-18 = 14.5 %
Peak No.2 : (+)-18 = B5.5 %
ee = 71,0 %

(iv) (+)-2-(4-Chlorophenyl)-2-isopropyl oxirane, (18)
[€]p +29.04 (c,4.0 Chloroform)

Chiral GC : Peak No.1l : (+)-18

91.18 %

Peak No.2 : (-)-19 8.81 %

ee

82.37 %
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(1R, 3S, 45, Ss) -(+)-S-Methyl-S-neomenthyl Sulfoxide (10a)

Ezperimental
Singal Crystal X-ray Structural analysis*

Data Collection

A colorless needle crystal of C;1H220S having approximate dimensions of 0.30 x 0.40 x 0.70 mm was
mounted in a glass capillary. All measurements were made on an Enraf-Nonius CAD4 diffractometer with
graphite monochromated Cu-Ko radiation.

Cell constants and an orientation matrix for data collection, obtained from a least-squares refinement
using the setting angles of 25 carefully centered reflections in the range 10.00 < 26 < 40.00° corresponded
to a primitive orthorhombic cell with dimensions:

a = 5.3742(3) A
b = 11.154(3) A
¢ = 20.785(3) A
V = 1246.0(3) A3

4 j.08

ForZ = ﬂ and F.W. = 202.35, the calculated density isj@:g/ cm®. The systematic absences of:

h00: h # 2n
0k0: k # 2n
001: 1 # 2n

uniquely determine the space group to be:

P2:12,2; (#19)

The data were collected at a temperature of 23 -+ 1°C using the w-28 scan technique to a maximum 26
value of 149.8°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.30° with a take-off angle of 2.8°. Scans of (0.65 + 0.14 tan 6)° were made at a
speed of 16.5° /min (in omega). The weak reflections (I < 3.00(I)) were rescanned {(maximum of 1 scans) and
the counts were accumulated to ensure good counting statistics. Moving-crystal moving counter background
measurements were made by scanning an additional 25% above and below the scan range. The counter
aperture consisted of a variable horizontal slit with a width ranging from 2.0 to 2.5 mm and a vertical slit set
to 2.0 mm. The diameter of the incident beam collimator was 0.7 mm and the crystal to detector distance
was 17.3 cm. For intense reflections an attenuator was automatically inserted in front of the detector.

Data Reduction

A total of 1485 reflections was collected. The intensities of three representative reflection were measured
after every 120 minutes of X-ray exposure time. No decay correction was applied.

The linear absorption coefficient, g, for Cu-Ka radiation is 27.7 cm™!. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization

® See Notes on Page No. 95
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effects.

Structure Solution and Refinement

The structure was solved by direct methods' and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included but not refined. The final cycle of full-
matrix least-squares refinement® was based on 387 observed reflections (I > 3.000(I)) and 118 variable
parameters and converged (largest parameter shift was 0.06 times its esd) with unweighted and weighted
agreement factors of:

R = XJ|Fo| - |Fe||/S|Fo| = 0.038

Ry = /Ew(Fo| = [Fe)5/ZwF o) = 0.041

The standard deviation of an observation of unit weight was 1.78. The weighting scheme was based
on counting statistics and included a factor (p = 0.021) to downweight the intense reflections. Plots of
Lw(|Fo|—|Fec|)? versus |Fol, reflection order in data collection, sin 8/ and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.13 and -0.13 e~ /A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in FcalcS; the values for Af’ and AP were those of Creagh and McAuley”. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation.
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72(F02) . 5% Lp)3 (pFo?)

S = Scan rate
C = Total integrated peak count
R = Ratio of scan rime to background counting time

B = Total background count
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(9) teXsan: Crystal Structure Analysis Package, Molecular Structure Corporation (1985 & 1992).
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula Cy1H3208

Formula Weight 202.35

Crystal Color, Habit colorless, needle
Crystal Dimensions 0.30 X 0.40 X 0.70 mm
Crystal System orthorhombic .
Lattice Type Primitive

No. of Reflections Used for Unit

Cell Determination (20 range) 25 ( 10.0-40.0°)
Omega Scan Peak Width

at Half-height 0.30°

Lattice Parameters a= 5.3742(3)A

b= 11.154(3) A

¢ = 20.785(3) A

V = 1246.0(3) A®

Space Group P2;2:2; (#19)

Z value FHT 4—

Deate +esgen® . .08 g fos
Fooo 616.00

#(CuKe) 27.70 em™?

B. Intensity Measurements



Diffractometer

Radiation

Attenuator
Take-off Angle

Detector Aperture

Crystal to Detector Distance
Temperature

Scan Type

Scan Rate

Scan Width

20maz

No. of Reflections Measured

Corrections

Structure Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>3.000(1))
No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw

Goodness of Fit Indicator

94
CAD4

CuKa (A = 1.54178 A)
graphite monochromated

Ni foil (factor = 26.00)
2.8°

2.0 - 2.5 mm horizontal
2.0 mm vertical

17.3 mm

23.0°C

w-26

16.5° /min (in w)
(0.65 + 0.14 tan 6)°
149.8°

Total: 1485

Lorentz-polarization

C. Structure Solution and Refinement

Direct Methods (SIR92)
Full-matrix least-squares
Tw(|Fo| — |Fc})?

1__ _ _4Fd®
o3 Fo} = «3(Fo?)

0.021

All non-hydrogen atoms
387

118

3.28

0.038 ; 0.041

1.78
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Max Shift/Error in Final Cycle 0.06
Maximum peak in Final Diff. Map 0.13 ¢~ /A3
Minimum peak in Final Diff. Map 0.13 ¢ /A®
Notes :

(1) All X~ray analysis work has been done by Professor

G.M. Newton of University of Georgia, Athenes, USA.

(2) All atomic Coordinates, e.s.ds, bond lengths, bond
angles and displacement parameters have been

deposited at the Cambridge Crystallographic Data

Centre,



(1R,3S,4S,Rs)~(+)-S~Methyl-S-neomenthyl-N-tosyl sulfoximine(11b)

Ezpertmental

Singal Crystal X-ray Structural analysis®
Data Collection
A colorless random crystal of C1gHagNO3S, having approximate dimensions of 0.20 x 0.40 x 0.50 mm

was mounted on a glass fiber, All measurements were made on an Enraf-Nonius CAD4 diffractometer with
graphite monochromated Cu-Ko radiation.

Cell constants and an orientation matrix for data collection, obtained from a least-squares refinement
using the setting angles of 25 carefully centered reflections in the range 10.00 < 26 < 40.00° corresponded
to a primitive tetragonal cell (laue class: 4/mmm) with dimensions:

a

it

10.630(1) A
c = 36.027(3) A
V = 4071.2(5) A3

For Z = 8 and F.W. = 371.55, the calculated density is 1.21 g/cm®. Based on the systematic absences of:

h00: h # 2n
001: 1 # 4n

and the successful solution and refinement of the structure, the space group was determined to be:
Pa2d#92) P4 2,2

The data were collected at a temperature of 23 4 1°C using the w-26 scan technique to a maximum 26
value of 149.8°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.30° with a take-off angle of 2.8°. Scans of {0.65 + 0.14 tan £)° were made at a
speed of 16.5°/min (in omega). The weak reflections (I < 3.00(I)) were rescanned (maximum of 1 scans) and
the counts were accumulated to ensure good counting statistics. Moving-crystal moving counter background
measurements were made by scanning an additional 25% above and below the scan range. The counter
aperture consisted of a variable horizontal slit with a width ranging from 2.0 to 2.5 mm and a vertical slit set
to 2.0 mm. The diameter of the incident beam collimator was 0.7 mm and the crystal to detector distance
was 17.3 cm. For intense reflections an attenuator was automatically inserted in front of the detector.

Data Reduction

Of the 4745 reflections which were collected, 2698 were unique (R;,; = 0.053). The intensities of three
representative reflection were measured after every 120 minutes of X-ray exposure time. No decay correction
was applied.

The linear absorption coefficient, p, for Cu-Ke radiation is 24.9 em™!. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization
effects. A correction for secondary extinction was applied (coefficient = 1.77991e-07).

* See Notes on Page No, 101

96
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Structure Solution and Refinement

The structure was solved by direct methods! and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included but not refined. The final cycle of full-
matrix least-squares refinement® was based on 925 observed reflections (I > 3.000(1)) and 241 variable
parameters and converged (largest parameter shift was 0.04 times its esd) with unweighted and weighted
agreement factors of:

R=X||Fo| - |Fe|/S|Fo| = 0.034

Ry = /(Ew(|Fo| — |Fe|)?/ZwFo?)] = 0.036

The standard deviation of an observation of unit weight? was 1.76. The weighting scheme was based
on counting statistics and included a factor (p = 0.014) to downweight the intense reflections. Plots of
Zw(|Fo|—|Fc|)? versus | Fo, reflection order in data collection, sin /) and various classes of indices showed

no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.20 and -0.18 e~/ A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af’ and Af” were those of Creagh and McAuley?. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation.

References

(1) SIR92: Altomare, A., Burla, M.C., Camalli, M., Cascarano, M., Giacovazzo, C., Guagliardi, A.,
Polidori, G. (1994). J. Appl. Cryst., in preparation.

(2) DIRDIF92: Beurskens, P.T., Admiraal, G., Beurskens, G., Bosman, W.P., Garcia-Granda, S.,
Gould, R.O., Smits, J.M.M. and Smykalla, C. (1992). The DIRDIF program system, Technical Report of
the Crystallography Laboratory, University of Nijmegen, The Netherlands.

(3) Least-Squares:

Function minimized: Lw(|Fo|— |F¢|)?

— 1l . _4F¢?
where w = TSy = Sy

202y . SHCHR?B)+H(pFo*Y
c*(Fo?) = L.v)2 (

S = Scan rate

C = Total integrated peak count

R = Ratio of scan rime to background counting time
B = Total background count

Lp = Lorentz-polarization factor

p = p-factor



98

(4) Standard deviation of an observation of unit weight:

VE(Fo = [Fel ] (No = W)
where: No = number of cbservations

Nv = number of variables

(56) Cromer, D. T. & Waber, J. T.; "International Tables for X-ray Crystallography”, Vol. 1V, The
Kynoch Press, Birmingham, England, Table 2.2 A (1974).

(6) Ibers, J. A. & Hamilton, W. C.; Acta Crystallogr., 17, 781 (1964).

(7) Creagh, D. C. & McAuley, W.J .; "International Tables for Crystallography”, Vol C, (A.J.C. Wilson,
ed.), Kluwer Academic Publishers, Boston, Table 4.2.6.8, pages 219-222 (1992).

(8) Creagh, D. C. & Hubbell, J.H..; "International Tables for Crystallography”, Vol C, {(A.1.C. Wilson,
ed.), Kluwer Academic Publishers, Boston, Table 4.2.4.3, pages 200-206 (1992).

(9) teXsan: Crystal Structure Analysis Package, Molecular Structure Corporation {1985 & 1992).




Empirical Formula

Formula Weight

Crystal Color, Habit

Crystal Dimensions

Crystal System

Lattice Type

No. of Reflections Used for Unit

Cell Determination (26 range)

Omega Scan Peak Width

at Half-height

Lattice Parameters

Space Group
Z value

Dcalc

Fooo

4#{CuKer)

Diffractometer
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EXPERIMENTAL DETAILS

A Crystal Data

CisH29NO35;

371.55

colorless, zock W\ e
0.20 X 0.40 X 0.50 mm
tetragonal

Primitive

25 ( 10.0 - 40.0° )

0.30°

a = 10.630(1)A

c= 36.027(3) A

V = 4071.2(5) A3
Pa,2dpo7) P4 2,2
8

1.212 g/em®

1600.00

24.88 cm™?

B. Intensity Measurements

CAD4



Radiation

Attenuator
Take-off Angle

Detector Aperture

Crystal to Detector Distance
Temperature

Scan Type

Scan Rate

Scan Width

280z

No. of Reflections Measured

Corrections

Structure Solution
Refinement

Function Minimized
Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (1>3.00c(1))

No. Variables '
Reflection/Parameter Ratio

Residuals: R; Rw

100

CuKo () = 1.54178 A)
graphite monochromated

Ni foil (factor = 26.00)
2.8°

2.0 - 2.5 mm horizontal
2.0 mm vertical

17.3 mm

23.0°C

w-26

16.5°/min (in w)
(0.65 + 0.14 tan 8)°
149.8°

Total: 4745
Unique: 2698 (Rin; = 0.053)

Lorentz-polarization
Secondary Extinction
(coefficient: 1.77991e-07)

H

C. Structure Solution and Refinement

Direct Methods (SIR92)

Full-matrix least-squares

Lw(|Fo| — |Fe|)?
1 . _4Fd®
o3 (Fo) — o2(Fo%)

0.014

All non-hydrogen atoms
925

241

3.84

0.034 ; 0.036
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Goodness of Fit Indicator 1.76

Max Shift/Error in Final Cycle 0.04
Maximum peak in Final Diff. Map 0.20 e~/ A®
Minimum peak in Final Diff. Map -0.18 e~ /A3
Notes :

(1) All X-ray analysis work has been done by Professor

G.M. Newton of University of Georgia, Athenes, USA.

{2) All atomic Coordinates, e.s.ds, bond lenghts bond
angles and displacement parameters have been
deposited at the Cambridge Crystallographic Data

Centre.
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