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and 2238 were observed (F,=4a(Fy)). For each molecule of 1, the lat-
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Reduction with Yeast Cells,
the Key Step of an Efficient Synthesis of
(35,48 )-4-Amino-3-hydroxypentanoic Acids**

By Peter Raddatz, Hans-Eckart Radunz *
Giinter Schneider, and Harry Schwartz*

Pepstatin,'"! a pentapeptide first isolated by H. Umeza-
wa, contains the unusual y-amino acid statine ((35, 45)-
4-amino-3—hydroxy-b-methylheptanoic acid). Statine and
its analogues are central building blocks for many highly
active, specific aspartyl protease inhibitors, including even
renin inhibitors,” which are of interest as hypotensive
_drugs. Kinetic studies have shown that the hydroxy group
In statines must be S-configurated, but the carbon chain at
C-4 can be chemically modified 1!

The current importance of such drugs warranted the
search for a synthetic strategy enabling a flexible, diaster-
cose!ective synthesis of statine from readily accessible
starting materials. At best, the methods of synthesis pub-

lilslhed so far'” only partly fulfill these requirements, if at
all.

di_aslere':)s?:lecti\iely reduced to the B-hydroxy derivative
with certain yeasts, The strategy will be described here for

[*] Dr. H-E. Radunz, Dr. p. Raddatz, G. Schneider

E. Merck
Leitung Pharmazeutische Chemie
Frankfurter Strasse 250, D-6100 Darmstadt (FRG)
Dr. H. Schwartz
E. Merck
Zentrale Forschung und Entwicklung Chemie
Frankfurter Strasse 250, D-6100 Darmstadt (FRG)
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Scheme 1. Synthesis of 5. a) HO,C—CH,—CO,Me, iPrMgBr; b) 15% HCl;¢)
reduction with yeast; d) Rh/ALOs. Boc = rerr-butoxycarbonyl, For physicl
and spectroscopic data of 2-5 see Table 1.

the synthesis of (35, 4 §)- N-Boc-4-amino-3-hydroxy-3-¢f-
clohexylpentanoic acid methyl ester 5 (Scheme 1).

The crucial step is the stereoselective reduction of 2,
which is formed from N-Boc-L-phenylalanine-imidazolide

1 and the magnesium
methyl ester,®™ to the

enolate of the malonic acid :'nomr
alcohol 3 with S configuration

C-3. The catalytic hydrogenation of 2 with Raney nickel

affords a 1: 1 mixture o

f the diastereomeric alcohols 3 and

4. Neither of the diastereomers is preferentially formed,
even with complex, sterically bulky hydrides. In order 0

alter the conditions in

favor of one of the diastergomer,

reduction of the P-ketoester with bakers' yeast was d

tempted.” The attempt

s with commercially available yea!

(Saccharomyces cerevisiae) merely resulted in incompfcl‘;
reaction (30-50%), but nevertheless the desired 354
diastereomer 3 was formed (de=60%).

Table 1. Selected physical and

[a]® values with c=0.68 to 1.26 2/100 mL methanol. 500-MHz

spectra ([D]DMSO, coupling

s 2-5 8

spectroscopic data of the OﬂmPO““dIH_NMR

constants J in Hz).

2: m.p. 91°C (petroleum ether/methyl fert-butyl ether): [a]

NMR: §=1.35 (s, 9H; C(CH

20— 648"

) 3%
23, 2.73 (dd, J=10.2, 14, TH; CHaPBk

. oCH
(dd, J=4.6, 14, 1 H; CH,Ph), 3.26 (br. s, 2 H; CH.CO), 3.65 (5, 3 H; OCF

4.25 (m, 1 H; CHN), 6.85 (br. m, 1 H, NH), 7.25 (m, 5 H; CsHs)
3: mp. 99°C (diisopropyl ether); [@]¥ = —35.40; 'H-NMR: 8=

9 H; C(CH,),), 2.30 (dd, J—9

E
1H:
.2, 15, IH; CH,CO), 2.5 (dd, /=4 1

1H:
CH.CO), 260 (dd, J=0.5, 13, IH; CH.Ph), 284 (dd, J=53 I

CH;Ph), 3.55 (s, 3 H; OCH,), 3.68 (m, 1 H; CHN), 3.9 (m, .
(br.d, J=7, 1 H; OH), 6.48 (br. d, J=7.5, 1 H: NH), 7.23 (m, 5 H:

4: mp. 139°C (methyl rert-bu

(& 9 H: C(CH),), 230 (dd, 7=9.3, 15, 1 H; CH,C0), 2.5 (m. 2 H:
CH.Ph), 3.05 (dd, J=3.5, 14, 1H; CH,Ph), 3.52 (m, 1H; CH

OCH), 3.80 (m, 1 H; CHOH),
TH; NH), 7.22 (m, 5 H: CeHs)

5: m.p. 69°C (petroleum ether); [«]¥ = —36.5°; 'H-NMR:

8H), 142 (s, 9 H; C(CH,),),

CH,CO), 2.45 (dd, J=4, 15, 1 H; CH,CO0), 3.55 (m, 1H; C
OCH.), 3.85 (m, 1 H; CHOH), 4.75 (br. d, J=7, | H; OH),

1H; NH)

1 H; CHOH. !
CeHd)
. . i
tyl ether); [a]F=—17.1°; NS CHLCO:
N)r 36 (s';”;:
5.07 (br. d, J=1, 1H; OH), 661 (br- &
§=01-13 &
d. J=92, 15, ]H:
i), 360638
625 (4, /=

1.5-1.85 (m, 5 H), 2.25 (d

[a] All the compounds gave correct elemental analyses.
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Since baker’s yeast behaves differently depending on its
origin and strain we tried to improve the stereoselectivity
by using pure cultures of selected yeast strains of the gen-
era Kloeckera, Hansenula, Candida, and Torulopsis.'® Only
five of 74 yeast strains tested reduced the B-ketoester 2
completely. Four strains, including Hansenula anomala,
formed the 3 §, 4 S-diastereomer 3 with de=92%, whereas
predominantly the 3 R, 4 S-diastereomer 4 was formed
(90% de) by the yeast Candida boidinii. Further optimiza-
tion attempts with resting cells of the yeast Hansenula ano-
mala during fermentation of glucose revealed that reduc-
tion of the f-ketoester 2 proceeds almost quantitatively if
the glucose concentration is 10%, the yeast concentration
1%, and the substrate concentration 0.1%; this holds true
for sample volumes of 100 mL to 1000 L. Irrespective of
whether intact cells, cells immobilized in polyacrylamide
gel” or cell-free crude extracts of the strain Hansenula
anomala were used, 2 was reduced almost completely (90-
95% conversion) on a laboratory scale (100 mg to 1 g). The
procedure optimized for small amounts was then extended
0 larger substrate amounts (50 g to 1000 g). On using 50 g
of 2,96% was reduced after 48 hours’ incubation; the ratio
of the alcohols 3 and 4 was 23:1. After work-up and re-
crystallization from diisopropyl ether we obtained 35 g of
3 with 98% de. Subsequent recrystallization from cyclohex-
ane increased the diastereomeric excess to > 99%.

Experimentaql

For the production of cell masses, yeasts of the genus Hansenula were incu-
bated under sterile conditions in 100-L fermenters with continuous aeration
a28°C in a medium consisting of 2% glucose, 0.3% malt extract, 0.3% yeast
€xiract and 0.5% peptone from casein. After reaching the stationary growth
phase the cells were separated from the medium and washed with cold 0.9%
NaCl solution, The reduction was carried out in a 100-L fermenter at 28 °C.
0 g of yeast (wet weight) was suspended in 50 L of a 10% glucose solution.
After commencement of fermentation, a solution of 50 g of p-ketoester 2 in
0L of ethanol was added and the mixture incubated for 48 h with con-
{inuous stirring (200 rpm) and gentle aeration.

For the extraction, the yeast suspension was treated twice with dichloro-
methane (a total of 35 L) and stirred for one hour. The separated organic
Phase was filtered over diatomaceous earth and the filtrate dried over
N&:S0,. After removal of solvent the residue was recrystallized from 500 mL
of diisopropyl ether.
© tnantiomeric purily was determined HPL chromatographically and
NM.R SPectroscopically via the MTPA amidest® of 3 (MTPA = o-methoxy-
u'l"ﬂ"“""-‘Tflet!'lylphenylacetic acid) and gave >98% ee. Subsequent hydro-

Eenation of the henzene ring of 3 with Rh on AL,O; in methanol afforded 5
1 93% yield (91

Received: September 28, 1987 [Z 2447 IE]
German version: Angew. Chem. 100 (1988) 414

= !

I 1. Unezaw, 1. Aoyagi, H. Morishima, M. Matzusaki, H. Hamada, T.

o Takcuchi, J Antibiot. 23 (1970) 259. A
o D- H. Rich, J. Med. Chem. 28 (1985) 263; b) . Thaisrivongs, D. T.
bas, W. M. Kati, S, R. Turner, L. M. Thomasco, J. Med. Chem. 28 (1985)
1353 0) T. L. Blundell, B. L. Sibanda, A. Hemmings, S. F. Foundling, L J.
Jekle, L . Pearl, 5. P. Wood, A. S. V. Burgen, G. C. K. Roberts, M. 5.
e (Eds); Molecular Graphics and Drug Design, Elsevier, Amsterdam,

B gew York 1986, . 323,

[4) a r? Rich, E. T. 0. Sun, J. Med. Chem. 23 (1980) 27. .
)D-H. Rich, E. T, Sun, A. S. Boparai, J. Org. Chem. 43 (1978) 3624; b)
e Slm!ma““. H. Klostermeyer, Justus Liebigs Ann. Chem. 1975, 2245; ¢)
W . Holladay, . G, Salituro, D. H. Rich, J. Med. Chem. 30 (1987) 374;
. DanishefSky' 8. Kobayashi, J. F. Kerwin, JIr., J. Org. Chem. 47 (1982)
rﬂ:rl; €) P, W. K. Woo, Tetrahedron Letr. 26 (1985) 2973; f) M. N. ]?u}
1985, 1 S0y A Pantaloui, B. Castro, J. Chem. Soc. Perkin Trans.

'+ 1985. 8) H. Kogen, T. Nishi, J. Chem. Soc. Chem. Comm. 1987,

- Reissig, Nachy. Chem. Tech. Lab. 34 (1986) 782; b) C. 1. Sih,
(lgaé,,c oxn, Angew. Chem. 96 (1984) 556 Angew. Chem. Ini. Ed. Eng. 23
Syngh o1 ©) D. Seebach, M. A. Sutter, R. H. Weber, M. F. Ziiger, Org.
32 s 1985) 3 d) D. W. Brooks, M. Wilson, M. Webb, J. Org: f‘:‘hem.

e 2244; &) D, W. Brooks, R. P. Kellog, C. S. Cooper, ibid. 32

An,
9. Chem. fry. g Engl. 27 (1988) No. 3

© VCH Verlagsgesellschaft mbH, D-6940 Weinheim, 1988

(1987) 192; f) M. Hirama, T. Nakamine, Sho Ito, Tetrahedron Letr. 27
(1986) 5281; g) M. Soukup, B. Wipf, E. Hochuli, H. G. W. Leuenberger,
Helv. Chim. Acta 70 (1987) 232.

[6] a) Y. Takaishi, Y.-L. Yang, D. DiTullio, C. J. Sih, Tetrahedron Letr. 23
(1982) 5489; b) R. N. Patel, C. T. Hou, A. I. Laskin, P. Derelanko, A.
Felix, Eur. J. Biochem. 101 (1979} 401 ¢) D. Buisson, R. Azerad, Tetrahe-
dron Letr. 27 (1986) 2631.

[7] L. Chibata, T. Tosa, T. Sato, Appl. Microbiol. 27 (1974) 878.

[8] J. A. Dale, D. L. Dull, H. S. Mosher, J. Org. Chem. 34 (1969) 2543.

[9] J. Boger, L. S. Payne, D. S. Perlow, N. S. Lohr, M. Poe, E. H. Blaine, E.
H. Ulm, T. W. Schorn, B. I. LaMont, D. F. Veber, J. Med. Chem. 28
(1985) 1779.

Formation of Dioxirane from Carbonyl Oxide**

By Dieter Cremer,* Thomas Schmidt, Jiirgen Gauss, and
T. P. Radhakrishnan

Dedicated to Professor Emanuel Vogel on the occasion of
his 60th birthday

Dioxirane 1 is an effective oxygen carrier for regio- and
stereoselective epoxidations.""! Spectroscopic investiga-
tions have provided evidence that 1 can be formed by ther-
mal or photochemical isomerization of carbonyl oxide 2,
e.g. in the ozonolysis'™* or the oxidation of carbenes." Ac-
cording to ab initio calculations, the activation energy for
the isomerization in the gas phase is 22.8 kcal mol ~'."*! The
transition state 3 (Fig. 1) of this reaction resembles 2 more
closely than it does 1, as is clear from the calculated geom-
etries, in particular the large distance between C and the
terminal O atom in 3 (Fig. 1).

H 0) o
19 "
1086Y_ 133 60 jfn B2 116,224 C
SR AR

C )
1276 % 4 F-_313kcal mal”
1.083/115.3°

H% 2

[-34.5 keal mol™) 4 1
3 H
A€ =-56.1kcal mol”
¥ (-59.6 kcal mol™)
AF=22.8 keal mol Hb :

125.0 keal mol™)

TIH,£00) = -138.2°
T(H,C00) = 47,10

Fig. 1. Isomerization of carbonyl oxide 1 to dioxirane 2. MP4(SDQ)/6-31G*
energies and geometries for 1, 2, and 3; distances in A. The values in brack-

ets are MP2/6-31G* results [3].

Further, the calculations show that the isomerization is
not initiated by rotation about the CO bond but by pyr.ami-
dalization at the central O atom. Negative charge is shlt_"ted
from the C atom to the neighboring O atom, resulting in a
weakening of the OO bonding due to enhanced charge re-
pulsion (Fig. 1). The CO double-bond f:haracter, however,
is essentially retained, since back-bonding between the or-
bital of a lone pair on the O atom and the depopulated 2pn
orbital on the C atom is possible (see 3a).[%

[*] Prof. Dr, D. Cremer, Dr. T. Schmidt, Dipl.-Chem. J. Gauss
Institut for Organische Chemie der Universitit
Greinstrasse 4, D-5000 Kéln 41 (FRG)
Dr. T. P. Radhakrishnan
Department of Chemistry, University of Texas
El Paso (USA) .
[**] This work was supported by the De.utsche Forschungsgemeinschaft and
the Fonds der Chemischen Industrie.
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Accordingly, a substituent X with n-donor properties
should stabilize the transition state (see 3b), while m-ac-
ceptors should have a slight or noticeable destabilizing in-
fluence. These predictions are confirmed in the case of the
monofluorocarbonyl oxides 4a and 4b (Fig. 2), whose
isomerization to monofluorodioxirane 6 via 5a and 5b re-
quires activation energies of 8 and 17 kcal mol ', respec-
tively, according to ab initio calculations.”” On the basis of
these findings the formation of epoxides observed in the
ozonolysis of fluoroalkenes™ can be explained in terms of
an enhanced formation of fluorodioxiranes, which epoxid-
ize unchanged alkene.

Ny

2001
15
27.0°
5 130Nee 9258
1091 1.2!.&‘@‘ 2

120.6°

8= 79 keal ol AF = -512 keal mol” M:‘}-” hestl al

%

AE =-60.1kcal mol™

Fig. 2. Isomerization of monofluorocarbonyl oxide 4 to monofluorodioxi-
rane 6. MP2/6-31G* energies and geometries for 4, 5, and 6 ; distances in A,
The dihedral angles r(FCOO) and T(HCOO) calculated for 5a are — 143.0
and 42.2°; for 5b they are 53.6 and —137.3°, respectively.

Although 1 is 31.3 kcal mol~' more stable than a2t
cannot be detected under normal conditions.” Ring strain
and the repulsion of lone pairs lead to a weak OO bond
(R(O0)=1.521 A, Fig. 1), which is readily cleaved, either
holr[nolytically or, in the presence of Lewis acids, heterolyti-
cally.

The strain energy (SE) of 1 is estimated by ab initio cal-

culati?:ls for the homodesmotic reaction (a) to be 24.7 kcal
mol —'.®

1 + H;0, + 2CH;0H — 2CH,00H + HOCH,OH (a)

Fgr the comproportionation of 1 and cyclopropane 7
leading to 8 [Eq. (b)], a reaction energy AE of —38.2 keal

mol =" is calculated.” If one assumes that AE(b) is deter-

deactivation, leads to cleavage of the O-O bond and syb.
sequent decomposition of the molecule.

A thermodynamic stabilization of 1 is achieved by gem.
inal methyl groups. It can be estimated via the reaction en-
ergy AE(c) to be 21 kcal mol ~.1""! Geminal methyl groups

Oéo %7 A == O/;\O + A (¢)
7 1

also increase the kinetic stability of 1; they fix the CCC
bond angle at a value of 117° by steric interaction and
thereby render difficult a rehybridization at the C atom
during cleavage of the OO bond. This explains the rela-
tively high stability of dimethyldioxirane, which was re-
cently prepared by oxidation of acetone with KHSO,."*

Fluorine as substituent also increases the thermody-
namic stability of 1, but at the same time it reduces its ki-
netic stability, ‘as manifested in the relatively large 0-0
distance (1.56 A) and the reduction in the exocyclic angle
to 110.8°. Intermediary fluorodioxiranes are therefore
probably stronger epoxidizing agents than dialkyl dioxi-
ranes.
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Facile Reduction of 1,2-Dioxetanes by Thiols
45 Potential Protective Measure against
Photochemical Damage of Cellular DNA**

By Waldemar Adam,* Bernd Epe, Dietmar Schiffmann,
Franklin Vargas, und Dieter Wild

In recent biological studies!"! it was demonstrated that
| 2-dioxetanes are genotoxic. Since these strained four-
membered ring cyclic peroxides are known to be efficient
¢chemical sources of n,m*-excited triplet carbonyl prod-
ucts,”! we postulated that the observed DNA damage was
of photochemical origin. However, in view of the quite
moderate photo-genotoxicity displayed by the dioxetanes
siudied, we suspected that these labile peroxides were effi-
ciently detoxified in the cell through chemical action. For
example, the living cell guards itself against “oxidative
stress™™ by engaging glutathione, a tripeptide which deac-
livates reactive oxygen species including peroxides by re-
duction, itself being oxidized to its disulfide. We now re-
port on the quantitative reduction of dioxetanes to the cor-
responding vicinal diols by glutathione [Eq. (a)], a reaction
which also takes place with other thiols. The results are
listed in Table 1.

{ CHy

| HsC CHsy

|
WoELoCHOH + 2 R—SH —> Hafleotor G0N o RS-SR (a)
B

0 HO OH
1 L

Table 1. Reaction of 1 with thiols.

fide 1,2-dithiane was isolated and small amounts (ca. 3%)
of the dioxetane cleavage products (acetone and hydroxy-
acetone) were detected by '"H-NMR. Such cleavage prod-
ucts gain greater importance for the simple thiols (Entries
6-9, Table 1), although the reactions were conducted at
subambient temperatures, at which thermal decomposition
of the dioxetane is negligible. For example, with thiophe-
nol (Entry 9 in Table 1) the extent of dioxetane cleavage
was as much as 50%, even at — 100°C, thus seriously com-
peting with reduction to the triol 2. Similar results were
obtained for tetramethyl-1,2-dioxetane, undergoing quanti-
tative reduction by glutathione to pinacol, but appreciable
cleavage into acetone with thiophenol.

That glutathione is an efficient reagent for the reduction
of peroxides is well established,” but that the labile dioxe-
tanes can be so cleanly transformed into vicinal diols is
somewhat astonishing, since in the few reported studies
with divalent sulfur compounds, oxygen transfer prevails.
Thus, the dioxetane is converted into an epoxide and/or a
ketone, while the sulfide is oxidized to the sulfoxide."”
Furthermore, dialkyl sulfoxylates S(OR), are transformed
via intermediary tetraalkylorthosulfites S(OR), into dialkyl
sulfites.”” These oxygen transfer reactions have been me-
chanistically interpreted in terms of either a nucleophilic
attack by the sulfide on the peroxide linkage or a biphilic
insertion by the dialkylsulfoxylate.”) Consequently, we
likewise expected oxygenated products rather than disul-
fides in the reaction with thiols. Indeed, when only equi-

Product yields [mol] [b, c]

Reaction conditions Product

Thiol [a i T1°C t [h] balance
No. R—SH[ | P 5.2 (%] Disulfide 2 Ketone [d]
i- L-Glutathione H,O 5 0.16 4 gz; ggg :
o L-Cysteine H-0 20 0.16 o i 0.9(1 —
l L-Penicillamine H.0 20 S - 54 0.99 -
4 threo-1,4-Dimercapto- MeOH 10 ! 5 3 ‘

2 3-butanediol
;I 1.3-Propanedithiol MeOh —40 a = g:i gz; g?g
S Thiobenzy! alcohol MeOH -50 72 i 0.56 0.56 0.44
;I. Mercaptoacetic Acid MeOH —40 72 e 0.59 0.58 0:42
A Methyl Mercaptoacetate MeOH =40 72 i 4 p
g, ; 50 0.49 0.49 0.51

Thiophenol MeOH —100 2

 Stoichiometry 2.1 except entries 4 and 5, for which it was 1:1. [b] 100% conversion: normalized to 1.00 mol;

+2% error limits, [¢] Determined '"H-NMR

“Pectroscopically and /or isolated. [d] Acetone and hydroxyacetone formed in equal amounts.

wi[c}:n 'ln”‘i":‘_% aqueous solutions of the hydroxydioxetane 1
tion flut?thlone at 5°C in a 1:2 stoichiometry, a fast reac-
Ensuedm/n conversion in 10 min, monitored by 'H-NMR)
thione , d.l ¢ading essentially quantitatively to the gluta-
182°0 (U mer [m.p. 178-180°C (decomp.)*%, m.piows. 178-
lated a( de.comP_-)] and the triol 2. Both products were Iso-
als. § n. identified by comparison with authentic m_at.en-
mhlle 'milar results were obtained for cysteine, pepwﬂla-
in T, ,band lrhmo-I"Ldimf’mapto-2,3—bl.ltanediol (Entries 2-4

1), except that in the latter case the cyclic disul-

mined by the difference i A2, p. 271-310 e e
Bered I‘lyn s (SE(1 n the SE values of the three-mem- [11] BE at 0 K without zero point vibrational energies. At room lempeg:au | :"mr Dr. w, Adam, Dipl.-Chem. F. Vargas
kcal 1 *glnﬂl (1)247, SE(7)= 27819 SE(8)= 26.9 .BE values are 83 and 81 keal mol !, respectively. D- Cremﬂv‘f-ﬂm Ansmu[ fir Organische Chemie der Universitit
al s C ) and the bond energies (BE) of C-C (80 keal R I Mttauan, A Cdanbery (B0s); Melecsier s;mcnf;nmss: - br 1};{ "prand, D-£700 Warburg (FRG)
mol "), C-O (78 kcal mol~'"™, and 0-O bonds, then e i e e FL’TUS B i, Dr. DL Wi
BE(O-0) is estimated at 36 kcal mol !, a value which is [12] Lr‘;sm:;:;ig au:\sf’i“ig 'dcdhem' s 108:19363);45").0 (1978) 7180 H Vtrsbach:.:' gmkologie oA gt st
_ AT ’ - B. ing, W, A . Am. . Sec. 4] o s i : i

close to the calculated dissociation energy of 31 kcal [13] MP2/6-31 G*g_re Fo ard, J ;lm i'eziler e s Bl By 9. D-8700 Wiirzburg (FRG) VA
mol ="' In the isomerizati 2i : 2 1987) 293 - R i e D. Scheutzo® (Sonderfgre . JUPPOrted by the Deutsche Forschungsgemeinsch?
Bl - lqn, ; is formed with an excess k.‘[ - Jh‘293, W. Adam, Y.-Y, Chan, D. Cremer, J. Gauss, 1> e dorschungsbereich No. 172), the Fritz-Thyssen Stiftung, and the

gy cal mol "', which, if not reduced by collision - Schindler, J. Org. Chem. 52 (1987) 2800. - g ¢f Chemischen Industrie. F. Vargas thanks the DAAD for a

[14] R. W. Murray, R. Jeyaraman, J. Org. Chem. 50 (1985) 2847. oral fellowship,
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molar amounts of glutathione and dioxetane 1 were used,
the glutathione was converted quantitatively in a fast reac-
tion into its dimer, and in a subsequent slow relactlon
(hours) the disulfide was oxidized to itslS—mon_omde, as
anticipated for an oxygen transfer reaction. With L-me-
thionine (in H:0, 20°C, 20 min, 1:1 stmch;omgtq@, 1 was
titatively converted into the epoxide 2,3-dimethyl-2,3-
epoxy-1-butanol, while the methionine itself was converte?d
into the sulfoxide. In the case of dimethyl sulfide (in
CHCl,-—5°C, 3h, 1:1 stoichiometry) oxygen trans'fer was
the méjor reaction (ca. 85%), affording 60% sulfoxide an-d
12% sulfone as sulfide derived products, and 44% 2,3-di-
methyl-2,3-epoxy-l-butanol and 41% of the regrranged, ke-
tone ]-hydroxy-3,3-dimethyl-Z-butar.lone as dioxetane de-
rived products. Dioxetane cleavage into equal amounts of
acetone and hydroxyacetone was observed as secondai.'y
reaction (ca. 15%). A control experimenlt showed tl")a.t in
2 much slower reaction dimethyl sulfoxide was oxidized
by dioxetane 1 to its sulfone. Ciea'rly, thf: su]ﬁdes_be-
have differently than the thiols in their reaction with diox-

quan

etanes.
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