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Abstract—The review covers the reactivity of spirooxiranes. The characteristic distinction of chemical
behavior of this type epoxidefom that of epoxycycloalkanes is discussed. In the spirooxiranes unlike
epoxycycloalkanes the oxirane and alicyclic fragments are joined by one and not by two catonmn The
spirooxiranes are characterized by enhanced reactivity in the neutral and alkadidie, andalso by
versatile isomerizations and rearrangements in the presence of acidic catalysts. The relation between the
chemical properties of spirooxiranes and the features of their electronic structure was considered. The main
reactions of spirooxiranes witheductants, reactantsith nucleophilic centers omxygen, sulfur, carbon,
nitrogen, and phosphorus, amdth hydrogen halides aranalyzed. The isomerization of spirooxiranes into
carbonyl compounds and allyl alcohols is discussed. The possibility was considered of formatiomibfethe

cyclic systems proceedingrom spirooxiranes.
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INTRODUCTION Several spirooxiranes were synthesized with
Spirooxiranes are compounds with a three- adamantane and other complicated carbon skeletons

membered oxygen-containing heterocycle joined tJl4 15].

an alicyclic fragment by a common carbatom. To
this large group belong 1-oxaspiroffalkanes, in

particular epoxides 1£6) [1-3], and also spiro- Me—N—Ac CN
oxiranes with bicyclic Ta, b, § [4-7] and tetracyclic o)
(9) fragments[4], unsaturated spirooxirane$Qa, R OMe
[6], and bicyclospirooxiranes with more intricate OMe R O
structures [813]. 0 R
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Also bispiroepoxides [1621] and epoxides of this Under special conditions of diene synthesis was
group with various heterocyclic fragments 22| obtained spiroepoxide1b). The original strained
were prepared. Inrsome cases the spirooxiranes wereoxaspiropenteneld) was first described in theame
isolated as individual spatial structures and opticallypublication[35]. The structure otompoundl4 was
active compounds [8, 2526]. Proved by comparison of parameters of #d4 and

3 .
The methods of synthesis for this group epoxidesbyC ;\'bMﬁit?ger‘;tﬁh"(‘)’gg spectral parameters calculated

were described in a bodR7], and beforghat in [28]
and as some examples in reviews of general character

[29, 30]. Besides the most often usexeroxy acids 0 Ii>
also dioxiranes are now applied to the preparation of =
spirooxiranes [31]. Arattempt to oxidize methylene-

cycloalkanes in the presence of enzymes is known

[32]. Since the double bond in methylenecycloalkanes 14
is less shielded by substituents than in cycloalkenes

their epoxidation with peroxy acids and dioxiranes 'Squite a number of biologically active compounds,

of low stereoselectivityf29, 31, 33]. Thereforeeven . .
in the modern procedures the synthesis of spiropo'[h natural and synthetig30]. Among the bio

oxiranes with the desired stereostructure is carried OLL?%L(;%I)IX ; a,?g;'ve ; eegfgéd?rso ma;eatul;g(l)v'zlgr :#(;?;Sfogﬁ d
along the classical halohydrimethod, e.g, in the P prep P

synthesis of epicoryoline(33], in preparation of 2 88 TR BRI b e e
Ey;th;r;s for potential glycosyl transferase |nh|b|torst0 versatile transformations of t_he epoxides fror_n_ this
' series. For instance, thalkylation of nucleophilic
A group of new spirooxiraneslg) was recently centers of polypeptide chains is known to be capable
obtained by [4+2]-cycloaddition ofvarious dieno- to alter the genetic code of a celB6]. Therefore
philes (enolethers,susbstituted styrene®J-methyl- some epoxides are carcinogenous, and some others
vinylacetamide) to spirodienes1?) prepared by are used as antitumor pharmaceuticals. Some spiro-
oxidation of substituted hydroxymethylphenol$l oxirane reactions serve as models for decoding of
by Adler-Beker procedure[34]. biological processes mechanism, and others are
applied to development of syntheses of biologically
. oHg NaloO, . active compounds or importansynthons. These
R R {\AE‘O problems are treated in reviews [30] and in numerous
OH 0 special publications. Among spirooxanes are known
1 12 antibiotics[30, 37-39], efficient growth inhibitors of
<O artheries [40]. The derivatives of aesquiterpene
0 pentalenolactone among which quite a number was
s prepared by asymmetrical synthesis show versatile
R R 1 3 antibacterial and antiviral propertie87, 41, 42].
Fumagillin derivatives are successfully used in
R treatment of rheumatism, psoriasis, diabetes, and as
13 antitumor agentq43].

-0
15

Epoxy ring is a structural moietyontained in

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 10 2001



CHEMICAL REACTIONS OF SPIROOXIRANES 1363

A special place among the biologically active with nucleophilic reagents with the classical models
compounds belongs to trichodecenf®0, 44-49] of Parker andsaacs for transition states in neutral and
applied to anticancer therapy [50] and also possessingasic (A) and acidic (B) medig0]. The reactivity
fungicidal, phytotoxic, insecticidal, and cytotoxic features of spirooxiranesl§) are determined by the
activity [30, 51]. structure of the compounds and ambove all

expressed in their high activity in reactions with
Il. GENERAL ESTIMATION OF REACTIVITY. nucleophilic reagents in any media (from basic to
EFFECT OF THESTRAIN IN ALICYCLIC acidic) and also in fabulous versatility tfeir trans-
FRAGMENT formations. The activity of terminatpoxides from
this series in the neutral and basic media depends first

The reactivity of epoxides of spirooxiranes groupof all on the spatial accessibility of the electrophilic
(16) was not previously specially treated althoughcarbon center to the attack of a nucleophiéagent.
important data thereof appeared in reviews andhis attack occurs usually regioselectively according
particular communications [229, 5259]. A special to Krasusky rule[61] along @) pathway resulting in
review thereof is required since the spirooxiranes takeompound 19.

a particular place among epoxy compounds and
considerably differ in chemical propertigsom the
related epoxides of the alicycliseries, fromepoxy-
cycloalkanes17) and epoxynorbornane&§) [52, 57].

In the acidic medium the opening of the hetero-
cyclic ring is complicated by molecular rearrange-
ments [29, 57, 62]. Protonated epoxide2() in
conformity to the known models d?arker andsaacs

o [60] and Dewar [63] is prone téorm a reaction pro-
(C@Q (C@O Q duct 21 counter Krasusky ruldpathwayb) and to
2 2 transform intoaldehyde2?2 (in the general case, into
17 R
18

16 a carbonyl compound) (pathwag) and into allyl
alcohol 23 (pathway d). The rearrangements are
Nus- Nu s facilitated by the stability of intermediatéertiary
RH R>' < carbocation (C)[27, 29, 57].
Os. I\{\O 5 The above diversity of spirooxiranes transforma-

tions illustrates the difficulties that meet the chemist

in the course of their synthesis with the use of peroxy
Specific features of spirooxiranes do not preventacids. In a series of papeff4, 65] wasdescribed

the principal possibility of describing their reactions epoxides preparation alongside a great number of

A B
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1364 KASYAN et al.

rearrangement and acidolygmoducts. Thus irf66] tion heat and strain energyrow with thesize of the
reporting on preparation of a group of the simplestalicyclic fragment in the order: cyclohexane <
1-oxaspiro[Znjalkanes the synthesis was performedcyclopentane< bicyclo[2.2.2]octane< norbornane <
along halohydrinmethod. cyclobutane. Note the small difference in the strain

Although the spirooxiranes are more reactive tha eln?ezrgg aﬁé 1s%tir7e Olgor%?)ngs igﬁogﬁgﬁnﬁﬁé Ig)r e
epoxycycloalkanes still in some reactions the threex. . : P 9

membered heterocycle is conserved. In sorases :irllféegenoc; f?rr:X%:r?tdgﬂg?eesp?\fvﬁngig?;ga\?vieti Vf[’ﬁgrebi_
the optical activity of epoxides is retaing¢a6], e.g., poxy irag

; ; ‘o . . cyclic norbornane systerfi85.2 and 194.1 kJ md)
in reduction of sulfone 24) the arising spirooxirane : AV I
(25) has the same configuration. [7]. Epoxides are distinguished by the contribution of

individual kinds of strain and interactions into the
total sterical energy of molecules. With epoxides of

R>A<:> BuLi (1.1eq.) R>&<:> methylenenorbornane and methylenecyclobutane the
TolS THF, —100°C most important are the distortions of bond angles,
i 85% [x] , —14.0° with epoxymethylenecyclopentan@) (these are the
o 24 25 torsional strains, and fagpoxides with six-membered

rings @, 8 these are the van der Waaigeractions.
In the known cases of addition reactions with!n this series was observed a linear dependence of the
unsaturated spirooxirane4(a, b the configuration bond lengths in the epoxsing on the strain energy:
of the latter significantly affects the regiochemistry R(C-C) =_1.482 - E,x10* (r 0.95), R(C-0) =
of electrophilic addition of 2-nitrophenylsulfenyl -7.33x10°-E,+ 1.525 ¢ 0.92) [67].

chloride under conditions of kinetic contrd]. In [68] was carried out the gquantum-chemical
calculation of reactivity of this series epoxides, and
_ o the dependence thereof was established on the
RN PPh, (] C_,,H character of the alicycliéragment. The contribution
~C g of angle strain into the chemical behavior of
+PPh, molecules was studied by quantum-chemical method
SCF LCAO MO in the valence approximation
— ] e ~C=CH, MINDO/3. In simulation of strain increase with
7Y \H 3 decrease in bond angles compared with the standard
H value was used a molecule of nonsymmetrical
1,1-dimethyloxirane 46) and its protonated form
(27). The bond anglex (MeCMe) at the epoxying

O 10p

ArSCl1

= SAr

95%
SAr

was varied within 99812C¢° range. Thechoice of the
model provides a possibility to discuss the structure
and behavior of 1-oxaspiro[@alkanes ( = 3-5) for

the variation of similar angles thereof lie in the same
range [68].

(0] cl H

% Me. \ Me. PanN
Ar = 2-NO,CH,. ) ,C——

Spiroepoxy systems were extensively studied by
theoretical methods [7, 6768]. The molecular
mechanics procedure MM2 was used to calculate the The electronic structure and behavior of the
structural parameters, formation heats, strairelectrophilic centers in the molecules were char-
energies, and conformational characteristicepbxy acterized by charges onlCand C atoms and by
derivatives obtained from methylenecyclo- and values of LUMO energy (Table 1). Within the
methylenebicycloalkane2{4, 7, § [67]. Thefolding  epoxides series under consideration the alteration of
parameters of molecules were studied to characterizhe calculated parameters is insignificant. Stronger
the form ofrings. Inthis series epoxides the forma- changes were observed for protonatéatms of
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CHEMICAL REACTIONS OF SPIROOXIRANES 1365
Table 1. Characteristics of 1,1-dimethyloxiran2dj and its protonated form2{) by charges and energy
o, 26 27
deg.
q(Cl) q(Cz) q(O) ELUMO! AE! q(Cl) q(Cz) ELUMO! AE! PA1
eV kJ mol* eV kJ mol* | kJ mol*
120 | 0.206| 0.275 | -0.398 1.59 -144.2663 | 0.331 | 0.335 -5.31 -145.3960 | -709.1
115 | 0.211| 0.273 | -0.395 1.56 -144.2701 | 0.328 | 0.339 -5.31 -145.3964 | -707.1
110 | 0.214| 0.274 | -0.394 1.52 -144.2655 | 0.323 | 0.344 -5.34 | -145.3884| -704.8
105 | 0.215| 0.275 | -0.392 1.48 -144.2516 | 0.317 | 0.349 -5.34 | -145.3716| -703.1
100 | 0.213| 0.276 | -0.389 1.44 -144.2282 | 0.308 | 0.356 -5.36 | -145.3452| -701.0
95 | 0.209| 0.278 | -0.387 1.44 -144.1930| 0.296 | 0.363 -5.36 | -145.3067| -699.3
90 | 0.205| 0.280 | -0.383 1.35 -144.1440| 0.280 | 0.371 -5.38 | -145.2551| -697.6
& Ae is the total energy of a molecule, PA is the proton affinigiue.
Table 2. Basicity and chemical shifts of’O nuclei in the series of 1-oxaspiroffalkanes (28) [69]
Parameter 2 3 4 5 6 7a, b 8
Av, cmt 243 237 256 235 248 241 233
pK, 6.03 6.20 5.65 6.21 5.87 6.07 6.29
Chemical shiftfrom cyclohexane, 300 - 315 315 320 - -
Ad, Hz
O NMR spectrum,d,, ppm -14.1 -17.2 x10.0 -17.4 -11.9 -22.6 -19.8

epoxides: the growth of the angle strain (decrease dband of GH in phenol on addition of epoxide
angle o) resulted in enhanced electron density on(Table 2). Using the relation between thAe value

C? atom and increased electronegativity of &om; and basicity indices for a number of acyclic epoxides
the shift of the electron density was the greater with70, 71] were graphically derived Ky, values. The

the higher angle straif68]. It was presumedhat in  strength of the hydrogen bonds was also studied by
reactions occurring by activation of the oxygen in thelH NMR spectroscopy. The strength of hydrogen
epoxy ring the growing strain and accordingly the bonds and consequently basicity was evaluated by the
growing electrophilicity of the carbon suffering attack change in the chemical shifa§) of the proton from
should favor higher activity obpirooxirane. This is the phenol hydroxy group in the presence of epoxide
also evidenced by the decreasibhyMO energy at as compared with the proton signals of a reference

smallera angles in both models under ConSideration;(Cyc|0hexane)_ Both methods showed the same place
it is the most characteristic for unprotonated form ofof the epoxides in the basicityeries. gv = 2.876-
1,1-dimethyloxirane (Table 1). AS - 484.9,r 0.9877).

As indices of the epoxide basicity were taken the  The chemical shifts of’O nuclei are regarded as
valuesq(O) of the negative charge on oxygemom,  gignjficant criteria of basicityi69]. It was found that
of total energy of protonated and unprotonated 'fo'rmﬁ parallel (K, = -0.060-5,+ 5.11,r 0.9551). In
of the epoxide. The calculation showed that diminishyhe epoxides series under consideration the  basicity
ing of o angle (increase in strain) is accompanied byrange is narrowethan that of epoxycycloalkaneg1)

small decrease in the negative charge on the 0XYQgare the chemical shifts 3fO vary within 25ppm.
atom and in the estimated values of proton affinitythis conclusion is consistent also with the other

(Table 1) [69]. experimental data and calculategarameters, in
Experimental data were published on evaluation oparticular, with the values of strain energy in the
the epoxymethylenecycloalkanes basicity with the usenolecules. In general, the growth of the strain in the

of two spectral method$9]. By IR spectroscopy was alicyclic fragment results in moractive involvement
measured the shiftAy) of the stretching vibrations of the lone electron pairs of oxygen into the reverse
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1366 KASYAN et al.

Table 3. Hydrogenolysis of epoxide®8a, bin methods, in particularjquid-phase hydrogenation in
cyclohexane the presence of various metal catalys¥4]. The latter
method, theleast studiedone, is on the onéand
Cata-| Ep- Reaction products versatile, and on the othdrand is very sensitive to
lyst |oxide the character of the catalyst. A complex mixture of
29c |29d | 29e | 29f [29g |29h |29i substances was obtained at hydrogenationi®fand
trans-epoxides of 44ert-butyl)methylenecyclohexane
Pob | 28a| 18| 7 | 26 | 34 | 11 4| - (28a, b) in 2-propanol and cyclohexane palladium,
28b | 21| - 34 16 24 3| 2 platinum, or rhenium oractivatedcarbon, andalso
Pt | 28a| 23| 5 2 7| 33 |30 - on Raney nickel. Properselection of solvent and
28b | 18 | - 5 - 41 [ 32| 4 catalyst resulted in considerable selectivity of the
Rh | 28a| 3| - | 18 | 64 8 7| - process. The hydrogenation @jpoxides on nickel
28b| 5| - | 60 | 21 9 5| - afforded mostly primaryalcohols 29g, 29H, on
Ni | 28a| 10| - - - 48 | 42| - rhodium arose aldehyde&9e, 29j. Tertiaryalcohols
28b | 6| - - - 50 | 44| - (29d, 29) are virtually absent evidencing violation of

the principal regiochemical law of epoxideactions,
the Krasuskyrule.

coordination with two-carbon (basal) fragmeie3];

consequently the epoxide basicity is decreasaeth . . .
: - norbornene series3() with hydrogen on palladium
effect in methylenecycloalkane epoxides that 'S catalyst afforded tertiary alcohoBY), but the process

transferred through a single atom of the spiran
system should obviously be less pronounced than ﬁé\gzl ”Sﬁ”ze'ggﬂ‘éﬁfgo rﬁjs gt égi”usi %fromfrﬁ';‘tirg
the series of epoxycycloalkanes7}, as actually is y y hydrog

On the contrary, theeduction of epoxyimide of

observed.
[ll. REDUCTION OF SPIROOXIRANES
H,/Pt, McOH
A review [72] was published in 1989 treating the 0
methods of epoxideseduction. Regretfully, nalata
was mentioned on reactions with epoxides containing N—Me 07 "N-Me
cyclic fragments,also with spirooxiranes. As regards Ph
the spirooxiranes reduction, the publications on this \ _Ph

topic show that the reductants used are common to HC_OH
the other oxirane groups (epoxyalkanes, epoxycyclo- H./Pt. McOH
alkanes.etc.). Alongside hydrides used for reduction z -
already since around 60 yeaf%3], and complex
hydrides, the mostvell-known modern reductant for 0% > N-Me
epoxides, are also applied other reagents and other 31

wwwmwﬁo‘*
M M w q

CH,OH
29h
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CHEMICAL REACTIONS OF SPIROOXIRANES 1367

In 1998 was reported on application to reduction As with other groups of epoxides the most
of epoxides of various structures into alcohols of newcommon reduction agents are complex matadrides,
catalysts, titanocene chloride82@, b). As electron especially lithium aluminumhydride. Thereduction
donor was successfully used cyclohexa-1,4-diene thatith this reagent of epoxymethylenecyclohexane
under conditions of the radical catalytic process wasfforded the more substituted alcohol resulting from

transformed into benzene. the attack of a nucleophile on th@imary carbon of
the terminal epoxy group78, 79]. In thecourse of
Cp__ _Cl_ al Cp ¢ Cl Cp Oxirane reduction arises a complex hydric$)(that
;T1< Mo~ Ty T further transforms into an alcohol molecule.
2a 32b

+ AlH;

32a,b n(CH,), C——
() v,
o
<:><1/ 1.4-C H,PyHCI, 16 h <:>_<

[(Cm/ C }

n H AlH
NG ‘
81%

36
The substituent sometimes also takes part in reac- N\ OH
tion that furnishes a cyclization produ@&3) [76]. — n(Cw\

3
In reduction of epoxy derivatives of 3-substituted

0 HO_
32b methylenecyclohexanes was confirmed the prevailing
N n-face (axial) stereoselectivity in epoxidation of
spiroolefins effected bym-chloroperbenzoic acid.
33

Actually, for olefins possessingrimethylsilyl, tert-

. butyl, phenyl, and trifluoromethylphenyl groups in
A new approach to the synthesis pthydroxy- hodition 3 of the cyclohexane fragment the fraction of

carbonyl compounds from the corresponding epoxideg, o axial attack amounted to 52. 60. 70. afE:

was developed with the use of diphenyldiselenide Of i no substituent it is 69%{86]. o ’

diphenylditelluride in the electrochemical reduction in

a system methanesodium perchloratgplatinum. The

reduction of pulegone oxide34) under these condi-

tions was presumed [77] to be sterically hindered by 4:/ ﬁ
substituents at the epoxyng. However at electro-

chemical reduction was obtained the corresponding

diol (35). L1A1H

I The reduction of epOX|de 38 with lithium
0 TH%IJI(\?B(E D, aluminum hydride was used as a proofoig-epoxida-
tion with respect to hydroxy group of}-1-methyl-2-

620/ trans-benzalcyclohexanol with perbenzoic adi@l].
The hydrogenolysis of the epoxide carried out for the

PhCO.H
OH 3 QOH H, Pd/C_ O/OH . OH
' N "Me

Me o Me HO

Ph
Ph H

38 LiAlH,
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1368 KASYAN et al.

sake of comparison was shown to proceed in another Me Me
fashion, namely, through elimination of the hetero- 0
atom followed by hydrogenation of the olefi@l]. O%

The same procedure was used in [82] for deriving
the effect of allyl hydroxy group on the stereo-

chemistry of peracid attack on methylenecycloalkanol LiAIH,
(39) with a medium cycle. ><OH

THF, 0°C
0] .
m-CIC H,COH The reduction of epoxycyclohexanes included into
¢ s a cis-[n.3.1]bicyclic system45a, b) was described in
OH T OH [87].
Me
OH Me .
(CH,);
(CH,);

Sa

LiAH,

+

Tertiary alcohols were obtained by reduction of

various spirooxiranesiQa-d) [83, 84].
% LiAH, <Ej>
(CH,); CH,

(

The traditional regio- and stereochemistry of the
process is retained in the reduction of compounds

from verrucarol group [88], in particular, @poxide
(46).
‘ LiAIH, o
Jﬂ Vo
The reglochemlstry of reductlon in the presence of

a heteroatom in the six-membered riolganged only ROCHzMe ROCH2

in the presence in this ring of sulfud3); the reduc- Me

tion of epoxides 41, 42 with lithium aluminum The spirooxiranes with bicyclic carbon skeleton
hydride follows the Krasusky rul85]. (7a, b, 10a, b, 47, 4B with spiroepoxy group

attached to different atoms of the skeleton on reduc-
tion always affordedertiary alcoholg6].

Yy
& 5

wnn

; Qcm . QCH o
2

OH
Lithium aluminum hydride is a convenient reduc-
tion agent for spiroepoxide 44) that has been
obtained with the use of 1-menthone as chiral matrix
[86].
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The reaction of 1-methyl-substituted epoxy deriv- Me. .OH Me  of
atives of norcamphene with lithium aluminum LiAIH ) )
hydride was described in [89]. 5 ; N
Alongside the reduction of the epoxing in com-
pound 49 undergo reduction also the other reactive OH Me
groups [90]. Me” “Me Me OH
O_ _COOR(H) Further reduction of spiroepoxide 5@) with
¢ lithium aluminum hydride in boiling ether afforded a
MH(COOR) mixture of equal amounts of regiocisomeric di¢®2].
49 Here the passive behavior of the spiroepoxy moiety
OH in compound51 also is due to a steric factor since
LiAIH in the fragment in question are neither primary nor
hd CH,CH,OH secondary carbons in the eporigig that are spatially

accessible for a nucleophilattack.

The presence in the molecule of several epoxy frag- 14 achieve
ments provides a possibility of chemoselective reduc
tion dependingorimarily on the structural features of
the substrate. For instance, [@1] was performed a
stereoselective reduction of a mixture of stereoiso
meric 3-oxatricyclo[3.2.1b%octane-6-spiro(3-
methyl)oxiranes J0).

reduction of sterically hindered
epoxides sometimes was used activation with
aluminum chloride additiofi6]. Therewith the reduc-
tion with the reagent LiAlIH-AICI; often provided
“abnormal reaction products. Asactive reagents
operated alane (Alg) and chloroalanes that to a sig-
nificant extent possessed properties of Lewisds,

therefore the hydride added to tmeore substituted
0 LiAH, carbon of the epoxying. Depending on the strength
o — OH of the Lewis acid (alane < chloroalane < dichloro-
alane) were obtained individual“normal” or
H” 'CH, CH,CH, “abnormal products of the ring opening, or a mix-
50 ture thereof. For instance, the reaction wepoxy-
o methylenenorbornenes1@a, b gave rise either
+ CH,CH, to tertiary alcohol or its mixture with grimary
alcohol[6]. At larger amount of catalyst prevailed the
OH “abnormat product.
The course of reaction suggests the presence of
significant steric hindrance arising at the attack of the o
nucleophilic reagent on the electrophilic centers of ﬁb</
the epoxynorbornane fragment. The more favorable

turned out to be the rupture of-© bond neighboring

10a
to the methylgroup; the latterdetermined the strict 13LIAH, H,0 OH
chemo- and regioselectivity of thgrocess.

1.0 AIC, CH,

A strict chemoselectivity was also found in reduc-
tion with lithium aluminum hydride of stereocisomeric —j

terpinolene diepoxide®2]. Both in thecis- andtrans 1.8LiAIH, H.0 CH,OH H
isomer the reduction occurs not at the spiroepoxy 2 +
2.5 AIC, o CH,OH

moiety but at epoxycyclohexane fragment yielding

equal amounts of regioisomers?, 53. | SLIAIH HO
-oL1 4 2 CH,OH
Me 0 Me o Me m 2.5 AICI, ﬁb/

LiAlH, OH 10b 10%

CH,
o o o + +
H,OH OH

Me” “Me Me Me" "M C
51 52 Ve 53 1% 19%
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Epoxides of methylenenorbornan&a( b) are In the other study [93] the lithium aluminum
reduced by this system to primaajcohols with equal hydride was modified by addition of copper cyanide;
amount ofende and exacisomers[6]. The assumed this reagent was suitable for a regioselective
reduction mechanism is presented on the followindl,4-reduction of 1-oxaspiro[2.5]oct-6-enes (yield

scheme: 93%,[54]:[55] = 2:1).
!i : 18LIAID,  H,0
2.5 AICL, CHDOD
+
18LiAID, H,0 15% g50, CHDOD
2.5 AICl, (16%) (84%)
DAIXCI D X 60°C X
o—Al—X g N
1}1\ (-D Al Cl
Cl
-
X—Al—Cl - AITX
i Cl o)
H,0 Q D,AIL | “H
CHDOH CHD CH
H H

A selective reduction of epoxy derivatives of

OH OH methylenecycloalkanes was carried out using 4-R-
o substituted  diisobutylaluminum  2,6-th+t-butyl-
6“ LiAID,/CuCN é . é phenoxides (R = MeT-Bu, Br) [94]. Theepoxides
p used were epoxymethylenecyclohexare® R = H,

Me) and the corresponding cyclopentane ana®g.(
The reaction mechanism may be rep(esented by a

schemebelow. The direction of the reactiocttepends R Me
on the character of substituents R and R/ith alkyl Q;Y

groups ina- and B-positions the ratio of compounds

54 and 55 equals to 19:1; on theontrary, with O O
a-methyl and B-aromatic substituents this ratio is 56 57

1:2, and the overall yield decreases from 9&08%. Among complex borohydrides are well known

reductants lithium,sodium, andzinc borohydrides

\All/ [95, 96]. Thelithium borohydride is a weaker reduc-
I tion agent than lithium aluminunhydride. It was
TN (O applied to reduction of epoxymethylenecyclohexane

. \/ and its heteroanalogs in combination with boron
derivatives that activated the epoxing as Lewis

H_ /H acids [95]. It turned outthat epoxides4, 41 X =

( —All—X CH,, O) react differently under conditions mentioned.

1.2 \ /o Unlike the other epoxides the sulfur-containing com-
pound43 suffered rearrangement and ring contraction

14 g o (58ac, R = Me, R = CH,OH; R = CH,0AC,

R R'= CH,0OH; R= R = CH,CI) [95].
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Table 4. Reductive opening of the epoxing in compound 59
Reagent Solvent Temperature,[ Yield, Isomers ratio
°C %
cis-60 trans-60 61 62
LiAl(i-Bu),H (1.1) CH,CI, -78 60 40 50 - 10
LiAl(i-Bu),H (1.1) Hexane -78 85 87 5 - 8
LIBEt,H (1.1) THF -78 93 - - >99 -
NaBH, (5.0) CH,OH 0-20 83 23 1 3 73
LiBH, THF 0—-20 68 49 4 47 -
(jw BH,-LiBH,, (j<Me o OH _-OH
x~ O HOAcBCL, ./ OH [H] )
4,41
BH,-LiBH,, R OSiR, OSiR, OSiR,
—_— 59 cis-60 trans-60
E ]O HOAc, BCl1 (i>< '
g 3 S R . OH /OH
43 S8a—c
+ +
The results obtained by epoxymethylenecyclo-
hexane reduction undesimilar conditions were . .
confirmed in [97]. 05161?3 051?23

In 1992 was observed that epoxy derivatives of
epoxymethylenecycloalkanes were transformed into
less substituted alcohols when for reduction was use

zinc borohydride on silica getarrier [98]. In the
investigation were used epoxides witlie-, six-, and
seven-memberedings, with alkyls and the other
groups in various positions of the alicyclimgment.

SiO Zn(BH,),

THF, 24 h, 94%

@O
5
OH OH
+
Me

93:7

This regioselectivity of epoxides reduction by this
reagent was stressed in [99] since with the majority
of the other reagents hdoeen observed previously
the oppositerend: formation of the morsubstituted

alcohols.

By an example of spirocyclic epoxides containing
4-siloxycyclopent-2-ene fragmerk9) were compared

The high regio- and stereoselectivity was observed
Eﬁ the synthesis of dis60) compound effected

y lithium diisobutyldihydroaluminate in hexane, and
in reduction of epoxide59) along Krasusky rule by
the action of lithium triethylborohydridg>99%).
Similar effect of this reductant was also observed with
the other substrates [96]. Thaata in the table show
that sodium borohydride serves rather as isomeriza-
tion catalyst than as reductinggent. Thepassive
behavior of this reagent in reduction of spirooxiranes
was additionally confirmed later [101]. It was shown
that optically active epoxy derivatives of cholesta-
nones 63) were reduced by sodium borohydride into
biologically active alcohols with conservation of the
oxirane fragment.

C.H

reductions by lithium diisobutyldihydroaluminate,
sodium borohydride, lithium triethylborohydride, and
lithium borohydride [100] (Table 4).
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Interestingly the reduction of epoxidé&9g) with
lithium  diisobutyldihydroaluminate in  different Me Me Me
solvents occurred in dissimilaway. In thenonpolar
hexane the reaction follows predominantly tBg2 -
mechanism, and in the relatively polar dichloro-

methane a contribution of th§,1 mechanism is also M. OH o
possible with participation of carbocation-like inter- 69 70 71
mediate thatfurther affords a mixture of isomeric Me Me Me
alcohols €is- andtrans-60) [100].
. +
The last method of spirooxiranes reduction we are
going to consider is the treatment with alkali OH OH
metals. Thismethod is well known since nineteen 5
seventies and is presumed to include intermediate 69 72 73
formation of carboanions [102]. Lithium in liquid
ammonia transforms spirooxiran@4j in intermediate It is possible also to use lithiurfi-alkoxides, the
dilithium derivative. The other metals (K, Na) react reaction products of epoxides with aromatic anion
in a similar way. radicals, in particularwith lithium 4,4'-di-tert-butyl-
biphenylide [105]. The kegtage in theupture of the
carbon-oxygen bond in epoxidé in reaction with
0 , OLi lithium is the formation of a stable anioadical.
- ClH—COOEt

64 Li

R H
O H, o , 100°C m
A kind of this method was applied by Brown to

analysis of the stereochemical features of epoxidation 24
with m-chloroperbenzoic acid of a group of com-

pounds with norbornene and norbornane fragments. o=<§c}12)n_1 0-0
Stereoisomeric epoxidetf, R = H, Me) were — >@CH2)n—l
reduced into alcohols, and the ratio of the latter was H O
determined by GLC [103].

R_R R R In [106] was proposed the use of organoselenium
m-CIC,H,CO,H reagents for reduction ofa,B-epoxyketones to

o B-hydroxyketones. The neutral medium favors the

retention of the double bonds in the highly un-
65 saturated structure of oxiran@&4) and the formation

of B-hydroxyketone T15).
H,NCH, CH NH, 0

¢7 OH P PhSeNa, EtOH
0 20°C. 10 min, 90% ~OH

Methylenenorbornanesp, R = H) afforded 86% e -~
of excalcohol €6), and 2-methylene-7,7-dimethyl-
norbornane 5, R = Me) yielded 84% ofendo
alcohol 67). It was recently demonstrated that this
method is very convenient for reduction of the The transformation mechanism of ketoepoxides
sterically hindered tetrasubstituted spirooxiranesncludesprimary regioselectivenucleophilic substitu-
(68, 69 [104]. The ratio of regioisomers prepared tion with the phenylseleno group followed by nucleo-
from two analogous epoxides are quite different:philic attack of the second molecule of the reagent on
[70]:[7] = 60:40,and72:[73 = 95:5. the selenium atom [106].
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Table 5. Kinetic and activation parameters of

O OH epoxycyclopentane and spiroepoxides methanolysis [7, 68]
Ne NN Nl L L/
c—¢—c{ CrC—C{
[ ‘KS_ePh [ Tempet kx1CF, E, -AS, Ko
O 0(§e %%Ph rature, || mol™ deg® | kJ mol] J mol* deg*|40°C
OH OH °C
L1, L1,
— —$=C—C\ —%—lc—c\ 2 12 1.2+0.1 | 67+7 | 133+13 |[5.25
0 O H 15 1.5+0.1
20 2.7+0.1
. ) 25 4.0+0.2
The reduction of glycidyl ether7@) under the 40 14.7+0.7
same conditions afforded a mixture of substitution 4 25 1_710_1 88+9 70+7 314
and reduction products [hydroxyesterd 4, b)]. 30 2_7;0_ 1 h h
37 6.4+0.3
O OH 40 8.8+0.5
COOFEt  SePh 5 30 2.1+0.1 | 777 109+11 |1.79
E ] COOEt ©<C|H_C00Et 35 | 3.3:0.2
76 SePh 40 5.0+0.3
OH 77a 45 8.9+0.5
. ©<CH2COOEt 6 | 40 | 1.6:0.1 | 79+8| 113+11 |0.57
45 2.440.1
77h 50 4.3+0.2
55 6.2+0.3
7a,b 30 3.5+0.3 | 697 132+13 ([3.29
IV. REACTIONS WITH AGENTS CONTAINING 35 4.6+0.2
NUCLEOPHILIC CENTERS ON OXYGEN, 40 9.240.5
SULFUR, AND CARBON ATOMS 45 11.5+0.6
_ o _ 8 30 1.6+0.1 | 76+8 | 122+12 |1.51
A steadily growing interest attracts alcoholysis of 35 26+0.1
epoxides for the reaction simulates the process occur- 40 4.240.2
ring between epoxy binders with oxygen-containing 45 6.9+0.3
hardeners. Thealcohols have a definite advantage 7sg 35 21+0.1 | 737 126+13 |1.00
before the other nucleophilic reagents since it is 40 28+40.1
possible to vary in alcoholysis reactions the character 45 4.9+0.2
of medium as one of the decisive factors for reactivity 50 4.7+0.4
of epoxides.
The existing reviews[29, 55, 60, 107,108]
contain very scanty data on the reactivity of spiro- o

oxiranes although the reactions of epoxycycloalkanes
are treated comprehensively. The reactions between
spirooxiranes and alcohols are poorly studied 16

Ithough ar i i

although are known examples of such reactions in CH,OH, CH,0~ TN _OH

(%C—CHZ

basic [3,68], acidic [L09]media, anceven under UV H) C©
iradiation [110]. \C" " CH,0CH,
The cleavage of the epoxying in reaction of
epoxymethylenecycloalkanes 1) with methanol The enhanced reactivity df-oxaspiro[Znjalkanes

under basic catalysis proceedes regiospecifically: Thas compared with isomeric epoxycycloalkan&$) (s
single product of methanolysis of epoxymethylene-due to the accessibility of thprimary carbon to the
cycloalkanesr{ = 3-6, 10) arises in accordance with nucleophilic attack: For instance, with thermer
Krasusky rule in conformity with the decisive role of compounds the heating is required for methanolysis
the steric factor at theveak activation by methanol completion only with epoxymethylenecyclododecane
of the oxygen in the epoxsing [3, 68]. [68].
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Table 6. Strain energy, energy of frontier orbitalspndorder, andoond strength in epoxging of spiroepoxides [7111]

Epoxide no.| E*, kJ mol* Bond order Bond strength, a.u. Euvor €V | Eyovor €V
CH,-O Cc-O CH,-O Cc-O
2 236.86 0.9421 0.8766 -0.5311 -0.4793 1.87 -9.94
3 129.85 0.9456 0.8759 -0.5355 -0.4744 1.89 -9.98
4 101.61 0.9467 0.8724 -0.5374 -0.4700 1.81 -9.81
7a 172.80 0.9424 0.8818 -0.5313 -0.4791 1.83 -8.89
7b 174.72 0.9432 0.8789 -0.5350 -0.4751 1.73 -9.70
8 145.60 0.9451 0.8790 -0.5350 -0.4751 1.90 -9.70
26 - 0.9487 0.8669 -0.5385 -0.4700 1.90 x10.01

In [7] was described the methanolysis of spiro-octane analog8). The low activity and high negative
epoxides with bi- and tetracyclic carbon skeletonsvalue of the activation entropy for epoxycyclohexane
(7a, b, 8, 9a, B. A kinetic investigation was carried as compared to those of epoxymethylenecyclohexane
out in the presence of sodium methylate [68] inmay be due both to lower electrophilicity of the
comparison with analogous reaction of epoxycyclocenter suffering the attack and to lesser sterical
hexane 8) (Table 5). The kinetic data confirm that accessibility of the secondary carbon atoms in the
spiroepoxides possess higher reactivity than epoxyepoxide for the attack of electrophilieagent.

cyclohexane under conditions of the basatalysis. Very illustrative are the data of the quantum-

chemical calculations of bond characteristics carried

out by SCF LCAO MO method in thealence ap-
MeOFH, MeO_ OH proximation MINDO/3 (Table 6) [7] for the key
epoxides of the series under consideration. For com-
7

CH,0Me parison in Table 6 are given the calculation data for
1,1-dimethyloxirane Z6) performed by the same
CH,0Me procedure [111].

+
From the calculation results of characteristics of

a,b
oxygen bonds with extracyclic carbon follows
MeOH McO, primarily their enhanced activity as compared to
1,1-dimethyloxirane 26). The order and strength of

CH,0OMe the cleaving bond CHO decrease with the growing

strain. Although the CH-O bond everywhere is the
MeOH, MeO stronger one the nucleophidtacks this bond because
CH OMe

of steric reasond7].

The methanolysis of epoxymethylenecycloalkanes
b O in acidic media was studied on less compouf®,
109]. Epoxyderivatives of methylenecyclohexan (
The most reactive was the strained epoxymethyland methylenecyclododecar®) (n acidified methanol
enecyclobutane2j (k. 5.25). With growing alicyclic  (0.1% solution of sulfuric acid) in the cold afford
fragment epoxides4( 5, § that do not significantly complicated mixtures of products generated by epoxy
differ in strain become less activés( 3.14, 1.79, cycle opening in two directions, according to
0.57 respectively). Thifact may be due to growing Krasusky rule 79a, 803 (up to 15%), andagainst
steric hindrances or to the conformational characterthis rule (79b, 808 (60-80%) [109]. In a similar way
istics of the molecules. The negative value of activa+eacted dipropyloxirane8() studied for the sake of
tion entropy also increases in thigeries, andAS" comparison: Itgaverise to hydroxyethers8Qa, b).
values are respectively70,-109,-113 JmoTldeg Besides theproducts mentioned all cases by the
Similarly alter the parameters in going froepoxy- chromatography were in detected and identified the
methylenenorbornane74, b) to its bicyclo[2.2.2]- corresponding allyl alcohol$88-85) (8-20%).

7a,
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CH,OH
W MeOH, H* + m(OMe + O/

CH OH 83
792 CH,OMe

O +
m MR 1 w CH,OM& m CH,OH m,
Z>Q McOH, H* Z>< Z>< Z>CHZOH
CHZOMe CH,OH

82b

The observed change in regioselectivity oftion of 1-hydroxymethylcyclohex-1-ene (83) as a pure
methanolysis reaction in going fromasic to acidic stereoisomer as evidences thé NMR spectrum of
medium were rationalized [109] with the use of athe compound.
known Dewais model [63]. The efficient epoxide
oxygen activation in the acidic medium according to
the model is accompanied withore planar structure
of the two-carbon fragment due to increased
n-complex character of the three-memberddg.
This change in geometry enhances accessibility for
an attacking nucleophile of the more shielded and RCO.H
more electrophilic (according to the quantum- 3

The character of the reaction medium governs the
direction of methanolysis of the mixture of stereo-
isomeric spiroepoxides 50a, b prepared from

chemical calculationsypiro carbon of theing; the /
main product in the acidic medium ispimary (less CH~CH,
substituted) alcohol, abnormal product of the ring I|{
opening in thespirooxirane. o 50a
In macrocyclic and acyclic alcohol84, 85 were ’
established byH NMR spectra the ratios of- and
Z-isomers (50:50 and 56: 44 respectively). The allyl O"?NCHs
alcohols arise apparently via a tertiary carbocation H
with subsequent proton elimination. 50b
H ethylidenenorbornene, the known component of
R (|)+ R polymer (rubber) compound412, 113].
\C/ \CH2 >C+—CH20H In the basic medium methanolysis of epoxides
R'—HZC/ R'—CH> occurred chemoselectively at the external epaxyg
\@ under more rigid conditions than the reaction with
1-oxaspiro[Znjalkanes describedbove, namely, at
CH, OH CH,OH
> o 60°C for 16 h [112].
The structure of unreacted epoxid®&0§ was

7 established from*H NMR spectrum. These data
indicated the sterical hindrances arising at the attack
Since the formation of theZ-isomer requires a Of @ nucleophile from the interngéndo) cavity of the
rotation around a carbon-carbon bond in the cation, ibicyclic norbornane skeleton; just this factor provides
is sterically hindered in compounds with small anda higher inertness of epoxides0@, b) in §2-process
commonrings. It is apparently the reason of forma- [52] as compared with 1-oxaspiroffalkanes.
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HO HO + MeOH, MeO HO
S0a + OCH,* OH MOHLH - 59, + s50p —— % 500 + Me
/
13% H
° O—CH~CH, O-CH~CH, o «
87 (30%) 88 (26%) 86 OMe

The regioselective methanolysis of isom&0lf) (89, R = H), a representative of an extensively
(along Krasusky rule) was accompanied with intra-studied group of biologically active spirooxiranes
molecular cyclization tdorm oxetane 86) by attack [116]. The reaction with sodiurthiophenolate occurs
of a nucleophilic alkoxide anion on one of carbonat boiling and it ends by regioselective opening of the
atoms of the substituted epoxynorbornane [1R2ich  epoxyring to furnishcompoundd0.
oxetane structure was producémmerly only under

action of potassium tert-butylafe14]. The initial stage of trichotecene8Y, R = Ac)

hydrolysis proceeds in a similaray, butthis reaction

In the reaction mixture after methanolysis in acidicis accompanied by intramolecular cyclization with
medium of stereoisomersb@a, b mixture [113] participation of a double bond that is located in the A
alongside the unreactive isom&0g) were found two  ring of the polycyclic spirooxirane, and as a result
compounds of similar structur&T, 89. The first one forms ether91. The hydrolysis of spirooxiranes was
originated from thechemoselective opening of the also studied if118, 119], andreaction with toluene-
external epoxyring of diepoxide BbOb) against sulfonic acid in [120].
Krasuskyrule; its formation is favored both by sub-
stitution at & atom and by acidic character of the
reactionmixture. Diol @88) was obtained presumably
through regioselectivé'normal’ attack of methanol
on epoxide 504 followed by elimination of a methyl
group in the course of intramolecular cyclization. The . . . .
presence of both compoundy, 88 evidences the E:i/gg]lde [121], and dimethyloxosulfonium methylide
wide range of transformation products formifrpm '
epoxides under acid catalysis, and comparison thereof A reaction proceeding fromepoxide 02) is a part
with oxetane 86 demonstrates the decisive role of of an enantiospecific synthesis of sesquiterpene
epoxy ring activation in chemo-yegio-, andstereo- curculeanolide A containing a spirolactone bicyclic

Among reactions of spirooxiranes with nucleo-
philic reagents that lead to epoxyng opening are
now extensively studied reactions with C-nucleophiles.
The transformations described agffected by metal
acetylides [95], organocuprates [86], trimethylsilyl

selectivity of oxiranes reactions. fragment [123].
An interesting case of formation of two isomeric
alcoholysis products (along and against Krasusky rule Me m-CIC,H,CO,H Me
in 0.4:1 ratio) fromepoxymethylenecyclohexane was — o
observed [110] with no acid catalyst but under UV Me CH,CL,, 0°C e
irradiation of the reaction medium or of methanol Me “Me
(ethanol) prior to reaction. Thereaction proceeded OSiE, OSiEt, 9
also after irradiation and was stopped onlycqurench- . Me
ing the reaction mixture with alkali. _LiC=CR _ o
H
The reactions of spirooxiranes with sulfur-contain- Me M =R
ing nucleophiles are poorly investigated [£147]. e
, . . ; . OSiEt,
An interesting case is degradation of trichotecene
Me SPh
Q O Me 8] Me O Me Me. O Me
gl - K @ - NaSPh ‘ -
HO ‘ B 4
we Gl o Ulda
N> N
HO™ OR o™~ OR HO™ OH
91 89 90
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In a reaction of spiroepoxid®3 prepared from

natural menthone with organocuprate was formed an _OAIE,
equatorial alcohol isolated as trimethylsilyl eti. O WOBu_t H 0
< > THF, 45-75% C></\/(

OBu-t

1)
O -
"X o5
0 TsOH C><Ojo
93

CHCL,, 80-100%

_-CH,Ph 96
(1) Ph,Cu(CN)Li, O/\/[x OSiM
L. 4:7\ 0 = The dimethylsulfoxonium methylide is known to
68% successfully act as epoxidizing reagent for ketones. It

was shown later that the excess ylide reacted with
The regiochemical potential of cyanotrimethyl- oxirane @) and with the others to yield spirooxetane

silane in reactions with epoxy compounds is versatiléystems (97)[122].

[121], from the“normal addition under the action of

aluminum complexes tdabnormal reaction in the

[ _
presence of palladium cyanide. 1\/Ie—s|+—CH2
0]
(o —— (X
R CN '
> y Me,SiCN j— 5 .
. R AIX
CSiMe, " 3-n R 0 Me—”+—CH_
Me,SiCN ~ NC T 0
>— Me
PA(CN), R CSiMe, - DQ
97

A new catalyst was developed for performing the , . .
cyanosilylation in strict conformity to Krasusky rule Unfortunately no enantioselective transformations

[121] effected by oxygen-containing nucleophiles that are
' known with epoxyalkanes and epoxycycloalkanes
[125, 126] were performed with spiroepoxides. The

Y Me.SiCN CN mentioned enantioselectiveing opening in these
OQ : g epoxides was performed by carboxylic acids [125] in
Yb(CN), OSiMe, the presence of the chiral cobalt complexes. A new
4 method of catalytic methoxycarbonylation of aliphatic

_ _ racemic epoxides was developed resulting in
Among the natural and synthetic 1-oxaspiral4. enantiomerically pure B-hydroxyethers. Similar

alkan-2-ones was found a large group of biologicallyagyances in the chemistry of the less studied spiro-
active compounds with antibiotic and antitumor gyiranes may be expected.

properties.Some synthetig-lactones 96) are used as

templates for construction of conformationally rigid v, REACTIONS WITH NUCLEOPHILIC AGENTS

systems for fixing protein kinase C. A wide series of CONTAINING NITROGEN AND PHOSPHORUS
lactones including spirolactones with cyclobutane,

cyclopentane, cyclohexane, and cycloheptane frag- B-Aminoalcohols are an important class of organic
ments was described in [124]. Thektones were compounds of great interest for pharmacology and
prepared from spiroepoxides with the usenagleo- medical chemistry [127129]. In particular,amino-
philic reagents of aluminates of hydroxyenol ethersalcohols from the norbornenseries,e.g., alcohol
[124]. The isolatedy-hydroxyethers were further (98), served as initial compounds for preparation of
cyclized into the corresponding spirolactoned6)(  important biologically active products of natural and
The spirolactones were also obtained without purificasyntheticorigin. It wasrecently shown that therefrom
tion of the intermediates. could be prepared numerous series of interesting
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compounds with bi- and tricyclopentanoid skeletons.

In [130] are described syntheses of aglycones Q
(+)-missaenoside andt)-8-epiloganine using ketone
(99). (CHy),
(CH,),
103 N
M —
OMe OMe HO._ _CH,-N
OMe 28% NH, OMe X=
—_—
1,4-dioxane, OH (CH,),,
120°C, 2 h NH, o 2
98
B 2/n (CH,)
HONO OMe 21
0°C,2h 104 /=N
25°C, 4 h HO_ .CH,—N
P P — e
<:|:§ — @ 2",
CO.Me CO.Me Although the preparation di-aminoalcohols from
o} 2 . . . . .
99 epoxides is widely used in organic synthe§is35,

136], this reaction has certain disadvantages. For
The success of such syntheses depdirds of all !nstance, thi's metho_d requires_ that amine bex‘oess
on stereoselective preparation of the initial epoxiden the reaction medium, and it s@times results in
and on its regioselective opening in reaction withbis-alkylation. The choice of conditions for regio-

aqueous solution ommonia. selective opening of the epoxyng is also a difficult
, _ 1 _  problem and in certain cases it depends on the sub-
In reaction of secondary amine$00, 101 R* = gyate structure [136]. The low nucleophilicity of

H, Me, R = R®= H, OH, OR etc.) withoxides zmines requires that the reaction should be performed
(16) of various methylenecycloalkanes & 2-5) nder stringent conditions and at elevated perature.
were obtained promising analgetics, anticonvulsantszinajly, thesterically hindered amines show very low
morphine antagonists [13133]. reactivity in this reaction. Still thepecific structure

of spirooxirane where the epoxide fragment often

contains an unsubstituted methylene group facilitates
@'- ) @". NH aminolysis due to lower level of sterical hindrances
R R HO ‘ in the transition state of theeaction. The sterical
Me
R*C

N Me accessibility of the electrophilic carbon center sub-
101 ¢ jected to attack favors aminolysis of 1-oxaspiro]2.
100 :
alkanes 16) as compared to reactions of the other
+ W®Hz)n alicyclic epoxides 17, 18.

The study of spirooxirane aminolysis started a lot

0]
16
N7®H) later than similar reactions with the other groups of
— HO i epoxy compounds. However already to the end of
HO y
Me M

nineteen fiftes was described [65] reaction of

© spiroepoxides 105, 10§ with benzylamine.
102
@)
Fungicides for agriculture and gardens were H NP
obtained by reaction of epoxided(3, 104 with CONH
azoles or their salts with alkali metals (X = N, CH, 105 : 106 CONH,

m= 0,1,n= 1, 2)[134].
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The first examples of direct transformation of 80°C  afforded N-(4-hydroxy-4-tetrahydropyranyl-
spirooxiranes 107) into enamines{08 X= O, CH,;  methyl)aminoacids.
Ar = CgHg, 4-CIGH,, 3-CIGH, 3-NO,CzH,) by

boiling a suspension of oxirane and amine in ethanol
were described in [137]. ODV +NH2C|HCOOH

109 R
0 0 (1) OH
—\ (2) HCI J OH .
N—Ar+NH X I
_/ 60-95% CH,NHCH—COOH
@) .

107 The heating with epoxide1Q9 of N-substituted
—\ OH o aminoacids (R = Ts, Ac) in chloroform in the
X N-—CH, presence of catalysts gavise to esterg111) [140].
7 N—Ar

o @W + R=NH—CH— COOH
\
X N O 0 R
-H0 109
H N—Ar TsOH OC :OH R
I
5 65-86% CH,0COCH—NHR'
108
111

An available epoxide of 4-methylenetetrahydro- fAIthough n ih's ret?]ctlo_lr_lLvazs teXp?‘CJeg fﬁlr'\rxstlon
ran (L09 (the alkene is a side product of industrial of isomer mixture, the ata a
by spectra evidence that the single reaction product

isoprene synthesis from isobutylene and form- ori
: , iginated from the nucleophile reaction on the less
aldehyde) is a convenient synthon for mtroductlonSubstltuteol carboratom.

into molecules of tetrahydropyranng [138-140].

Under treatment withaqueous amines or ammonia Unlike the above described spirooxiranes the

the epoxyring is opened according to Krasuskyle epoxides possessing rigid skeleton of norbornene and

(product 1109. With piperazine forms also a bis- norbornane react under more stringent conditions,

adduct 110b. apparently because of additional sterical hindrances
from bicyclic fragments. Aminoalcohols 1(2a-d)
from the corresponding epoxide27@, b, 10a, b

O u \u oH were obtained by treating with sodium amifé].
=
o CH,~N NH NaNH,
109 7/ o
110a
OH o CH,NH,
¥ Q < :0 112a
I\
cH,~N N—cCH,
CH,NH, CH,NH,
110b
CH,NH,

a-Aminoacids depending on reaction conditions
react with epoxide (109) by amino or carboxy group The other studie$130, 141,142] also confirmed
[138, 140]. At the use ofsodium salts ofD,L-a-  that aminolysis of epoxides at the lack of protons
aminoacids in the presence of 10% excess sodiuraccurred only under rigid conditions. The ammono-
hydroxide that favors transition of a zwitterion into lysis of epoxide 113 was performed by heating the
conjugate baséorm the reaction in water solution at reagents solution in a sealed ampyls0].
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CH(OMe),
O
/7 \
OCH,CH—CH,
O
O 115 116
113 CH(OMe) 0 0
28% NH,,OH, dioxane OCH,CH— CH,
OH 117
120°C, 2 h, 90%
NH, The initial reaction rates of oxirand€4-117 with

The reaction between dimethylamine and thePiperidine are respectivel§.0058, 0.018, 0.30, and
stereoisomer mixture of ethylidenenorbornene di0.29 mmol I s The low reactivity of oxiranes

epoxides $0) also was carried out in a sealed ampule(114, 113, especially of the first one Shiryaev et al.
[142]. [143] ascribe to the spatial effect of the carbon

skeleton. However spirooxiran&14 is capable to
give a relatively stable carbocation that under Rister

0 reaction conditions is easily transformed into di-
o) acetylamino derivative 1(18).
Me
50 A
0 HO Me 119a
30% Me, NH OH |, Ci{ 0 OH N N,
60°C, 3 h ClH—Me O NMe, ‘Q\/ 3 OH
NMe, 119b 120 121
|  NaN,, NH,CL EtOH, H,0 A
The composition and structure of reaction pro- Boiling, 15 h

ducts show that each of theomeric epoxides under- _ _ _ ] _ _
goes individual chemo- and regioselective trans- The reaction of spirooxiranes with sodium azide
formation retaining the epoxynorbornane fragmentWwas studied in [144147]. Thereaction of stereoiso-
In one of diepoxides in therear (endo) side of meric epoxides ¥19a, b afforded the expected
epoxynorbornane is generated a nucleophilic hydroxproducts120, 121respectively [144].

group; it isfollowed by an attack on an electrophilic

carbon atom of the epoxgroup. Thestrain in the Q
oxetanering does not prevent cyclizatidid42]. w
Aiming at the preparation of new antiviral
pharmaceuticals various reactions of adamantylspiro- o OH N,
oxirane (14 were performed,among them also g:% Q\/NS
those with amines and sodium azidi&43]. %OH

119h 120 121
| NaN, NH,CI, EtOH, H,0 A

OH 0)
@4 Ny @) Boiling, 15 h
CHN, =<
Reaction of methylenecyclohexane oxid)(with
og M

sodium azide in water solution wasarried out at
HNRR' different pH values[148].

CH,NRR' The acidity of the medium turned out to be

decisive for theate,composition of reaction products
The reactivity of spirooxiranel(l4) was compared (azidoalcohol122 and glycol 123), and regioselec-
with that of three other oxiranes containing antivity of the process. Actually, thepoxide protona-
adamantanstructural fragmentsl(l5-117). tion (at pH 4.2) sharply changes the regiochemistry
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of the process that occurs as prevailing attack on theith no additional activation in the absence of solvent
a-position in conformity to the known models of [1224:[122h = 1.7:1).
Parker andsaacs [60] andDewar and~ord [63].

THF, boiling
: . . for 48 h
pH Time, «- and Reaction products Yield,
_—
h p-attack 122/123 % Bu,SnCl + NaN So% Bu,SnN, + NaCl
9.5 20 3/97 88/12 77
4.2 1.5 70/30 94/6 58
P —>0'5 h 122 +122b
Later Chini et al. [145] developed a new simple + Bu,SoN, 88%

regioselective azidation procedure for spirooxiranes

performed in acetonitrile in the presence of metal

salts. The use of aprotigolvent was advantageous as , ) _ _

compared to previously appliedethods Simple salts The reactions of spirooxiranes with phosphorus-
(lithium and magnesium perchlorates) efficiently containing reagents are pooyown. Several studies
catalyze the process due ttheir pronounced carried out are important both as syntheses of new
properties of Lewis acids. Normal reaction productanalogs of natural compounds and as a valuable

122a prevails. contribution to the investigation of structural factors
governing the reactivity of spiroepoxides. A synthesis
NaN OH was described ofD-1-deoxyfructoso-1-phosphonic
e) . 3 . - - .
(LiCl10,, NH,C1) OQ/Ns acid _(12& proce_edlng from a new spiroanomeric
OQ CHCHLCN, 80°C, epoxide, derivative of natural fructosé26) [154].
4 18h 90-99% 122a
N OH
. O&;Q on O 9 Mesio
0 (EL0),PSiMe, 0/~ P(OED,
1-10% 122b 123 OSBZ OBz T OBz
Z
For epoxides sensitive to water solutions and relative- 126 OBz ,-
ly rigid reaction conditions arefficient method was
developed with the use of zeolitg447]. As think HO
Onaka et al. [147], the direction of reaction is o) POH,
governed by the cation in the zeolitarrier. It was — OBz
shown that the ratio of isomeric compounti®4 and OBz
125amounted to: 94: §CayY), 66: 34 (ALO,), 78: 22 OBz g

(Si0,), 76:24 (NHCI).

The reaction of a number of epoxymethylenecyclo-

OH OH alkanes with triphenylphosphine was shown to afford
DW\/ D—K/OH the corresponding methylenecycloalkarj@55]. The
O N, corresponding reactions were also carried out with
N, 124 epoxymethylenebicyclo[2.2.1]heptane and epoxy-
* D_\/OH methylenebicyclo[2.2.2]octane [113].
OH
125

ol P Q. H
Furtherdevelopment of the process was due to the  ~cZ My _PPh; _ ;é%CI\H

use of new reagents with azidgoup, in particular =

trimethylsilyl azide [149153]. The lattefound wide +PPh,
application in combination with Lewis acids and -O--*PPh, -
transition metal complexes. Sait al. proposed for ” é_'c g -
successful preparation of 1,2-azidoalcohols to use 7/ \ 'H }

tributyltin azide [146] that cleaved the epoxyng H
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In the main stage of reaction (attack of nucleophilichydrochlorination of salinamide A, a natural spiro-
triphenylphosphine on electrophilic carbon center ofepoxide from marine Streptomyce§39].
epoxide) electrophilic activation of the oxygen atom
is totally absent. The probability of reaction occur-
rence and its rate may depend on the conformationaﬁp

flexibility of the arising zwitterion; however, in the . :
epoxides group in question this factor is harollysynthe5|s were used epoxyalkanes, quite a number of

L . . . poxycycloalkanes, some epoxyalcohols and the other
significant. The reaction was carried out in a sealemgxiranes of the mentioned grougd56]. Besides

?erzlggil)enartni%?e’ 2?,&&;; i?g:frggﬁptwﬁ&algﬁﬁ 8]; (;[Dshydrohalic acids in halohydrin syntheses were used
y metal halides. Unfortunately, onlsare studies con-

ether was performed b§LC. Thedegree of epoxide - LA .
o o .. cerned syntheses of similar derivatives from spiro-
conversion into olefin is shown below as an aCt'V'tygxiranes (85, 120, 157163].

series of epoxymethylenecyclo- and -bicycloalkane

[113, 155]. From the firstreactions of the group should be
mentioned the reaction of epoxides group with hydro-
gen chloride 4, 41-43,X = CH,, O, NCH;, S) [85].

0
I:lg O o)
> [ > s O X X
o HCLACOH
90 83 79 OQ @CHZOH
o o BCI,
> > > C><J
0
63

The recent research on chemregio-, andstereo-
elective transformation of oxiranes resulted in pre-
aration of valuable vicinalhalohydrins. In their

4,41-43 X cl
. CH,Cl

32 28 OH
B ” M In glacial acetic acid in the absence of catalyst
0 (boron chloride) epoxidedt, 41 do not react, but
0

with the catalyst they afford in various ratio isomeric
adducts and acetates.
It is presumable that the course of reaction is

affected by two mainfactors: strain and steric . . ..
hindrance. The former can be the most importanfPir0€poxide separated from spurgeeds containing

with the strained epoxides possessing mono- anf? ll-membered fragment occurred orfigormar

icveli rbon skeleton. Apparently in th rans't'onOpen,ing of the (_apoxyin_g, and methanol also took
bicyclic carbon skeleto pparently in the t - part in the reaction. Ishiguro et §l61] stressed the

state of the limiting stage of the reaction the strain in! : . ; .
the system is decreased due to transition of carbolnportance of the sterical factor in the regiochemistry

atoms into sp-hybridized state, and this factor is ©f the process. Thesame factor and also specific

more favorable with the most strained epoxidesCharacter of the reagent led to regiospecific trans-

With growing volume of epoxide molecules in the formation of stereoisomeric steroid epoxide®9a, b

series under consideration increase the stericalll© halohydrins; as reagents were applied halogen
requirements of the bulky attacking nucleophile (tri-cOMPlexes — with  triphenylphosphing160].  The
phenylphosphine) to the performance of fmémary ~ Process is free of side reactions and apparently
attack on theepoxide. With epoxides at the end of the Proceeds vi&2 mechanisnj160].

activity series theeffect of thestrain is not felt.

VI. REACTIONS WITH HYDROHALIC ACIDS Ph,P-CI(,)
AND THEIR ANALOGS (@) CH.Cl HO
\ 27

28

In hydrochlorination in methanol solution of a

The products of hydrohalogenation of spiro- 129a 92% (90%) CH,C1(D)
oxiranes same as spirooxirangoper areapplied as
synthons in the chemistry of biologically active
compounds. In somecases halohydrins per se Ph.P-1,
possess biological activity. For instance, a consider- CH,CL, ~TH,C
able antiphlogistic and moderate antibiotic activity is \! 88% (’)H

characteristic of salinamide B that is obtained by © 129b
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The reactions were carried under totally anhydrous Recently in the study of a related reaction of spiro-
conditions. Caputoet al. suggested that nearly oxirane (35 hydrocyanation was observed a
complete deoxygenation of the epoxides had beem,2-anionotropic rearrangement [167].
observed by Paryzer and Wydfa64] just due to
neglect of this importantondition. It is significant

that hydrohalogenation of the epoxy derivative of
1-methylenecyclohexene along this procedure —_
occurred in accordance with the frontie§2 = RO =
mechanism and resulted in formation of isomeric o o Q) CN
products [165]. Al/o
. _ ) 135 _/
Although preparation of respective fluorohydrins L ) .
by reaction of epoxysteroids with anhydrous hydro-
gen fluoride is well known[162], relatively simpler
epoxides react in more complicategy: 1-oxaspiro- / =
[2.5]octane-2-carbonitrile 1830 R = H) affords RO /EN RO 1?
fluorohydrin only in 30%yield, analogous 2-methyl- 0" OH 0
derivative (L30b) reacted with a higher yield162, CN
166].
R = t-BuPhsSi.

isomerization discovered to the end of the nineteenth
century by Lobry deBruyn and Alberda van Ecken-
stein. The isomerization results #mccumulation of
the more stablesomer.

CN CN The rearrangement is related to the known ketols
OH
131

130a, b
R = H (@, Me (b).

It was recently established that with pyridine poly-
hydrofluoride the reaction occurred regioselectively OH
but was accompanied with dehydrofluorination to )gi . Lewisasid 0
afford substituted cycloalken&34) [158]. R’ R 3 Q

R
CN REE
z :o: :COOEt
132

R 2

In [167] was observed the rearrangement of
a-hydroxyketone in the moment of its formation in
hydrocyanation of epoxidel85); here migrated the

F SN cyanomethylgroup; the hydroxy grouprotection in
+ Q?\ epoxide (35 was performed by formation dfert-

CN
OHCOOEt 339 OHCPOEL  butyldiphenylsilyl ether [167].
133

134 The labile halogen atoms present in halides of

Obviously the reaction proceeds via intermediatecarboxyhc acids and the other compounds may be

. : L considered as possible reagents for opening of epoxy
formation of a tertiary carbocation: cycle. An interestingexample of such reaction was

HF/Py
CH.CL, 25°C
2 67%

N CN described in 1994 [159] fgB-pinene oxide 136).
m o=t (K
+0o” COOEt
| RCO Cl OCOR
H - o 9 7 cl
CN 133 CI-C—R O N
— O~ com — o
COOQEt
OH 134 136 137 138

R = Alk, Ar.
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Plh
N.
N/
N d
N—N
b
N 0
& RT Ca

NO,

Unfortunately in the reactions with the epoxides VII. ISOMERIZATION OF SPIROOXIRANES
group under considerations were not used the other _ , ,
reagents containing labile halogatoms, in particular, The.s'e reactions attract special attention because of
very interesting and promising chloro-substitutedversatility of forming products, reagents, aoetal-
aromatic and heteroaromatic compounds [163]. HopeYStS- Isomerization results both in carbonyl com-

fully, this reaction will be successfully applied to Pounds and allyl alcohols that in some cases may
spirooxirane series arise from regio- and stereoselective transformations.

Recent trends in thermal and photochemical processes
This reaction was carried out in the presence of &onsists in fixing substrates by adsorption on solid
phase-transfer catalyst (dodecyltrimethylammoniuntatalysis or by complexing with cyclodextrines that
chloride) in chlorobenzene or diglyme. The yield of significantly increase the selectivity of reactiofs].
target products amounted to -8@D%. Theregio- Using zeolites of various types with salt additives
selective opening of the epoxying occurred permits preparation from onepoxide products of

apparently along the following mechanism. different classes of compounds, and the process can
be performed with high selectivity. For instance,
R - from B-pinene cis-epoxide (368 can be obtained
AICL + > +CI )
el o +Q cismyrtanal (39 [56, 168], perrylalcohol (40
- [169, 170],phellandrol (41) [56]; from transisomer
Ar:" \:Q+2«:‘O (136b) is preparedransmyrtanol (42) [171].

~_
p H o Jplo) GHO
X R
cL. Q.0 R
+CT
Cl Q_> )\/ Cl
A1O 139

136a 136b
R E CH,OH CH,OH CH,0H

The scheme contains two importanpoints, @
namely, chlorineattack on the less substituted carbon
of the oxirane providing complex D and capability of A

the latter to transform into a stable intermediate E (of 140 141 142
Meisenheimer type intermediate). As a driving force

is presumed the electronacceptor property of the Longifolene epoxideX43 on zeolite A-4 is trans-

aromatic ring [163]. formed into longicamphenilonel144), and epoxy
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derivative of isolongifoleneld5 on different zeolites
affords isolongifolan-4-onel@6) and isolongifolan-4-

OH
O_  COOEt
ol (147) [56]. OQ/ . COOEY
She

(0]

(BF3) oo

= 0

OEt
156

O
I

0
143 144
|
Ph—S_ O
o 0 HO LiCIO,
145 146 147

The ring opening in spirooxiranes carried out in
acidic medium is often accompanied by isomeriza-
tion, and frequently traditional products form in
smaller amounts than isomerized compounds. This
fact was confirmed in reaction of 1-oxadispiro-

H202
————— (CH 3
OH CF

[2.1.2.2]nonane 148 with trifluoroacetic acid172]. 157
Alongside a mixture of hydroxytrifluoroacetates
(149a, b that afford glycol {50 on hydrolysis, arise 0] 0
also isomeric unsaturated alcoholsl5la, B, CH;  y600c
aldehyde {52, and acetal 53. v (—CH,
O O
DQQ However the main catalysts of isomerization in
¢ KOH, EtOH 150 such reactions are Lewis and protanids. The most
extensive studies were carried out with bortmn
e DQ(\OHJr DQ(\OCOCFS fluoride and magnesium bromide [17678]. The
! OCOCF, OH
A 149a 149b DQ(\
T -
z DQQ
o J) .
;%q DQ/\ DQ/\ ’  KOH, EtOH_# 150
© 151a 151b
I OH * DQ(\OCOCF
I 8 mOCF OH 3
e 149a 149b
152 o j<jA S [ i ) ] i )
3 L‘[_‘m
0 © 151a 151b
153
The isomerization of spiroepoxide454, 159 is —
the first stage of synthesis of valuable biologically
active compound$56, 157[173, 174]. 152 0
Under different conditions the epoxides can be “——= DQ*—*< ’
transformed into carbonyl compounds.g., at 153 o)

thermal isomerization of epoxides8[175].
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Table 7. Isomerization conditions andatio of products
obtained from 3,3-dimethyl-1-oxaspiro[2.2]pentaris?)

>0--Ti(OPr-),

[188]
N
Reaction medium Yield [1634: Me @
(catalyst, Reaction |of compounds [1634 F
solvent, time 163a+ 163h
30°C) % o
> Ti(OPr-i),
Lil, CH,CI, < 1 min 100 7.5 =0
LiCIO,, CH,Cl,| 24 h 83 10 @
LiBr, CH,Cl, 72 h 100 3.5 O
LiBr, CH;NO, 3h - 14 G R
TsOLi, CH;,NO,, 10 h - 15
70°C
(T;?(ISEHZO, 3 h 76 11 :O/ITI(OPI_I)3
Decalin, 156C | 30 min 65 11 O
Me OR
rearrangements were also observed in the presence of H

chlorides of zinc, titanium(I1V), aluminum, of hydro-
chloric acid in ether, of hydrofluoricacid in aceto-
nitrile, etc. Mono- and 1,1-disubstituted epoxides
were mainly transformed into aldehydes; for 1,2-di-
and trisubstituted epoxides was common formation of @
a mixture of carbonyl compound®7]. The ease of Me N R
epoxides isomerization in the course of epoxidation OI
was many times describef7, 29. 179182] for

methylenecycloalkanesl§) and also for methylene- compared to the othesthers. Theobserved effect of
cyclanes, e.g., camphene. substituents was attributed to steric hindrances arising

In [183] was described a tandem asymmetrid?®tween ether moiety(OR), hydroxymethyl and
epoxidation  (according to Katzulharpless) cyclopropyl groups in the assumed intermediates (F)
followed by enantioselective opening of the epoxy®’ (G)-
ring affording finally chiral 1-alkyl(aryl)-1-(hydroxy- The minimal steric hindrances should apparently
methyl)cyclobutanes169 in high yield and of high be expected in conformers (H, ).

stetretochbemlcalburgly : Tnhtllsa Igg)ubps‘f[g;‘nciosur;gf tgr:g?w?io- An important factor of intermediate stability is the
oul ,? € \ﬁ#a ise (;flcomL:) nds  with aternar possible overlapping of-electron system belonging

seieclive synthes compou qu Xo phenyl group with the positive charge of the chiral
carbon centers. Proceeding therefrom were performe bnter: this stabilization is hampered in conformers

syntheses of botlj+)- and ¢)-a-cuparenones [183]. . ; : T,
In [184] was analyzed the effect of a substituent in thq(rl]_| ’tL)és?eS ?er:(:stlij(l)tn;fé%? enantioselectivity is observed

ortho-position of benzeneing in compound 160) on
the enantiomeric purity of the target prodd@l Individual epoxides of methylenecyclohexane and
methylenecycloheptane isomerize into the correspond-
OH ing aldehydes under the action of boron trifluoride
and lithium perchlorate [176]. The isomerization of
epoxymethylenecyclobutan@)(and epoxymethylene-
cyclopropane 1) was easily effected by lithium
Me OR Me OR O halides [185188]; in the lattercase was also used
160 161 sodium methylate[189].

The highest enantioselectivity (95%) at 98% yield A similar behavior of 3,3-dimethyl-1-oxaspiro-
was obtained in reaction dert-butyl silyl ether as [2.2]pentane 162 was shown in [188] where also

OH
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was demonstrated its isomerization at heating irnrable 8. Isomerization of epoxided 65", b in boiling

decalin over 108C. The ratio of isomeric reaction THF [190]

products {63a, Y obtained under different condi-
tions is listed in Table 7.

LiF

| o

>
o

oNA{D)-con

CH,CL, -10°C
100%
LiF(Lil)
CH,CL,
100%

o

CH, 163b
163a

H
O +
Me,S—CH, 165a Me
75%

H ITI Ts H ~0

164 Me —
H IT—TS
165p Me

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.

165a 165b
Catalyst
Yield, [164: Yield, [164:
% [167] % [167]
Lil 95 3:1 94 100:0
Lil, 12- 0 - 0 -
Crown-4
LINTf, 0 - 0 -
LiBr 98 0:100 95 100:0

It is seen from Table 7 that predominantly
occurred migration of quaternary center and not that
of primary one. Thisfact may originatefrom many
factors,among them from thealue of positive charge
on the migration center. The lattexperiments show
that the ratio of isomerization products remains
constant disregarding dissimilar reaction conditions:
in the presence op-tolyenesulfonicacid, its lithium
salt, and at thermolysis.

Note that in epoxide 162 isomerization the
epoxidering is cleaved prevailingly at therimary
carbon atom even when the catalyst favors &é-
reaction. A similar regiospecificity is characteristic
of reactions of oxaspiropentanel)( with lithium
iodide, hydrogen chloridesnethanol in the presence
of perchloric acid[188].

Recently was described [190] the isomerization of
stereoisomeric spiroepoxided6ba, b effected by
lithium iodide.

THF A (:li}
95%
166 e
Lil 166
THE, A
94%
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The expected isomerization proddd7 of epoxide kind of reaction is especially characteristic of various
165aturned out to be the minor reaction prodyttte = epoxymethylenenorbornanes. Thus the isomerization
ratio [166]:[167 is 3:1); it was proved that com- of camphene oxidel(y) into 2-formyl-3,3-dimethyl-
pound167 is not intermediate in formation of ketone norbornane 171) was successfully effected by
166. The reaction of chiral initial cyclobutanone magnesium bromide [192].

(164 gaverise of compounds 166 and 167 of 92%
enantiomericpurity. The specific operation of catal- MgBr,
ysts is shown in Table 8.

: . , CeHs, 60°C
The reaction mechanism was not studiedywever, 0 _0
the reaction turned out to be characteristic of quite a cZ
number of epoxidesl65 analogs[190]. 170 1 H
The presence in 9-oxadispiro[2.0.4.1]nonah&g| The reactions are significantly affected with a con-

of a tertiary cyclopropyl fragment reduced its stability formational factor. The rearrangement egoxide of

against acids; from thketone arising in acidic media 7-methylenenorborn-2-end 12 into 2-norbornene-7-

was easily obtained less strained butyrolactfi®].  syncarbaldehyde 173 proceeds via an intermediate
where the positive charge on a carbon atom is

0 H+ stabilized by delocalization of the-electrons of the
DQO <><:| double bond followed by rotation of the migrating
0]

terminal group[6].

168
m-CIC_H,COH - BF,
o ©

O -H [N
}é H  E.B.OE, }?} H
172

A similar isomerization apparently occurs in the
first stage of reactionbetween oxaspiropentanes

(Ar = n-MeOGH,, CgHs) with Grignard reagents; F;B—0_-H
the latter catalyze both key stages of the process >
[191]. ’
o R
OAr RMgX ~OH 't
>Q< H _C—H
Me OH OAr
) R (©D-169 -BF,
M(%Ar 173
R X (F)- 169 The key moment in the transformation of epoxides
Mg~ o into carbonyl compounds (aldehydes and ketones) is
0) OAr / the migration of a substituent in the molecule of the

activated oxirane[57, 102, 193, 194].

M ‘—OAr 3
R’ H
o. =R R VR (H) R W R
RMgX /gl N — a0
— VeS| —= 169 R! o R’ R
F X
*—OAr The shift ability of substituents decreases in the

following order:aryl > acyl > H > ethyl > methyl.
In some cases spirooxiranes treated wmtoton By an example of epoxides originatiffgom several
acids and Lewis acids transform into aldehydes: Thiglkenes with no alicyclic fragments was established a
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prochiral selection of hydrogen atoms in the courseconformation of molecules is fixed by introduction of
of spontaneous isomerization of epoxides intoa tert-butyl group as“conformational anchdr How-
aldehydes[194]. ever since epoxidel{6 affords alongside aldehyde
Although the epoxides rearrangements initiated by177) also compound.75 evidently exists a carboca-
acids accompanied by hydride shift and alkyl gl 10N intermediate [196].
groups migration were formerly regarded as concert- The asynchronous stages of propylene oxide re-
ed processes, the rearrangements of the spiroepoxidggangement into propanal were confirmed by results
should be treated otherwise, as processes &tig)- of [195]. Quantum-chemical calculations ((M2/6-
wise mechanism having carbocations as intermediategiG'//MP 2/6-31G) revealed that after cleavage of

Schematic representation of the rearrangement dhe G-O bond in the protonated propylene oxide the
epimeric spiroepoxides1{4, 176 [195] shows that shift underwent prevailingly the proton itrans
from epoxide (74) should preferably formaldehyde Position with respect to the methyl group (20:1 as
(175, and fromepoxide {76) aldehyde {77). The compared with thecis-proton).

H+
” — ET
0] I H-" CHO
174 OH OH H 175
0 i — e L7
176 H-" 177
H H OH

Alongside the common acids was developed arin 58% yield. Insome cases the epoxides isomeriza-
efficient catalytic system with an aluminum-contain-tion is carried out as chain process initiated dnye-
ing reagent prepared in situ from trimethylaluminumelectron oxidants. The reaction furnishes carbonyl
and a bulky 4-bromo-2,6-dért-butyl)phenol[197].  compounds [198]. It wafound that the isomerization

direction of 3-methoxy-3-(naphthyl)spiro[oxiran-2;2

adamantane] 1(/9 is governed by the reaction
Br o, 0 Br temperature.
1?1 It is presumed that as a result of a one-electron
Me

transfer the epoxides give rise to cation-radicals that
178 further suffer opening of thepoxidering [198].

With the use of this catalyst the epoxycyclodode- An alternative spiroepoxide isomerization affords
cane was isomerized into cyclododecanecarbaldehyddlyl alcohols. This direction was observed as a side

reaction in the hydrolysis [199] and methanolyi€8,
O_ OCH, 109] of epoxymethylenecyclohexane in the presence
(. of sulfuric acid and at treating epoxymethylenecyclo-
/1T @@ pentane with trifluoroacetic acifl72]. The apparent
179 pathway of unsaturated alcohols formation consists

OCH, in proton ejectiorfrom the a-position with respect to
the reaction site in the intermediate stable tertiary

O
0°C . . ;
. , @@ carbocation [172]Such reactions served as the start-

Ph_CSbCL ing point in the synthesis of vinylepoxides containing
3 e COOCH cyclopentane, cyclohexane, and cycloheptane frag-
} ments. The processcluded reduction oé-hydroxy-
-80°C (. B,y-unsaturated ethersl&1) into vicinal diols (182
Ay @@ that were further transformed into epoxide$89

through tosilates [200].
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o)

OAH
F,B- OEt,
COOFEt COOEt
T 180 .
181
OH
LiAIH mOH
" O

182 i Q,

183

N et al.

followed by thering opening and transformation of
the compound into allyl alkoxide; b) Opening of the
epoxyring by nucleophilic reagent to afford the addi-
tion product followed by elimination of HNu

molecule, and hydrolysis of the olefin obtained
yielding allyl alcohol [57].

The transformation of spiroepoxides into allyl
alcohols was performed with the use of various bases:
butyllithium [209, 210],metal amideg$58, 211, 212],
diborane [213]. The reaction of butyllithium wita, 3-
epoxysulfoxides 184) proceeds in different way
depending on the reaction conditioj209].

The isomerization of the mentioned glycide ethers

(180 to afford a-hydroxyf,y-unsaturated ethers
(181) succeeded with the use ofaphthione-H, salt
catalyst of acid typd201]. The isomerization occurs
in dichloromethane at room temperatuedthough at
slow rate; theoptimum rate in this solvent is reached
at boiling the reactionmixture. A similar regio-
selective isomerization is catalyzed by zeolite
(H-ZSM5, Si/Al 35:1) [202].

M
: OH
O_ ,COOEt
(ﬁ( COOE!
H,
H, 181 (n=2)
180 (n =2)

All described cases of glycidyl ethers isomeriza-
tion were distinguished by lack of carbonyl com-
pounds in the reactiorproducts.

0]
[

PhS:ﬁ:< >

Ar
184
(@)

e
Ar\/@

OH
The reaction with one equiv of the base-400°C
results in the loss of sulfoxidenoiety, with excess
base at-70°C an isomerization of the intermediate

epoxide into an allyl alcohol isbserved. In a similar
mode proceeds the reaction with a steroid epoxide

(185).

1 eq. Buli H

—-100°C

BuLi excess
-70°C

The epoxides rearrangements into allyl alcohols

effected bystrong bases were studied on epoxy deriv-

atives of acyclic alkenes and epoxycycloalkanes 203
208]. The isomerization of epoxy compounds takes
one of two possiblgoutes: (a) Abstraction bpases
of a proton inp-position with respect to epoxsing

BLH
sl ¢ c=d_¢
O TR T
&
* | ]
L —C=C—(—
OH
T o
+
) —Cc—C—c— BN _c_c—c—
| \/ [
0 OE
|
—C=C—C—
—HNu [ 1 |
OE

9
S, O
\
185
BuLi
. Huo
N

Alongside the above base were alsied methyl-
lithium, tert-butyllithium, and ethylmagnesium
bromide, andbutyllithium was the most efficient
isomerization reagent [209]. Thizase was used in an
enantioselective synthesis of §4R)-bicyclo[2.2.1]-

BuLi, Et,NH
_—
O 0°C, 93%

a CH,OH
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hept-2-enemethandirom an optically active spiro-
epoxide 2738 [210]

Recently by treating of halidel86) with excess
butyllithium was prepared silylated 17-epiethynyl-
estradiol {87) [214]. Double elimination afforded a
triple bond.

ly

SPIROOXIRANES 1391

cyclic transition state (J) that occurs in the energetical-

favorable chair conformation.

R>. R' H
R’ R /N
O---Al

/\
y Bt Bt
J

Enantioselective opening of epoxide$8Ba, b,

derivatives of cis-bicyclo[3.3.0]octane-3,7-dione, is

CH,C1
-0
RO Vi
186 - OH
3 eq. Buli
THF, 35°C,
60% RO e)
187

A reaction was described of epoxymethylenecyclo-
dodecane &) with diethyl-2,2,6,6-tetramethyl-
piperidinodiethylaluminum and with the other
organoaluminum amidef212, 215].

0)

6
—
< N—Al
—

—_—

85%

CH,OH

performed in the presence of chiral lithium amides
[211].

(\QH
o ;

/EC\/OH
H

Chiral bases selectively react with exo-epoxide

exo-188a,
endo-188b,

(1889, and the yield of the enantiomeric alcohol
(189 amounts to76%. Atvariation of solven{THF,
benzene, ether) was observed reversal of the enantio-
selectivity that was attributed to weakening of co-
ordination bonds between lithium and nitrog@11].

In the synthesis of 3-oxaisocarbacycline [216] was

used the regioselective formation of allyl glycols

(191 from spiroepoxyalcohols100) under treatment
The investigation of bases action on isomerizatiorwith isopropyl orthotitanate.

of epoxide (6) revealed that the yield of allyl alcohols
grew with basicity of the catalyst. The isomerizing
efficiency of bases RRIAIEt, increases in the fol-
lowing RR'N series:diethylamide (yield 5%) < di-
cyclohexylamide(36%) < diisopropylamide (45%) <
tetramethylpiperiding[80%). Theregioselectivity of
isomerization effected by the above bases was studied
by an example of nonsymmetrical epoxides. Hase

of B-elimination of proton fromepoxide decreases in
the series: primary > secondary tertiary.

The regioselectivity of isomerization depends also
on the structure of catalyst. Very bulky bases, for
instance, tetramethylpiperidinodiethylaluminum, play
an important part in defining the stereospecific reac-
tion path[212, 215]. It wasestablished that preferab-
ly is eliminated the proton igis-position with respect
to epoxy ring when it is capable of considerable
orbital overlapping with nitrogen of the base in the
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The ready isomerization was observed in the
presence of organosilicon reagents [2220]. This
transformations were understood taans-addition of ~0
the reagent to the epoxide followed by anti-elimina-
tion of the nucleophilic rest under ttaetion of a base
[220]. Among organosilicons wengsed trimethylsilyl RSiO -

chloride [219], silyl bromides, and silyliodides 195 l
[217]. The treatment okpoxide 4) with tert-butyl- (CH,),SiOSO,CF, OH
dimethylsilyl iodide gives rise to a mixture of iso- 86% -
merization productd92and adduct493[218]. ? RSIO
1
PhSeSi(MeBut + 1/2 I, — ISi(CH,),Bu-t 196
+ 1/2 PhSeSePh A selective isomerization of spirooxirane having a
cyanogroup in thea-position (L3089 occurred in high
OSi(CH,),Bu- yield in the presence of triphenylsilyl perchlorate
0 [221]. The resultingx-hydroxy{fy-unsaturated nitrile
ISi(CH,),Bu- (197 under alkaline hydrolysis readily affords
- aldehyde 198. The isomerization into nitrile 197)
4 192 proceeded with as high yield under electrolysis

conditions [221].
OSi(CH,),Bu-t

.\ PhSi * CIO,
0O CH,CL,, ~78-30°C
193 O/ACN ] 2ameo% |
In reactions of oxiranes with trimethylsilyl 1302 Electrolysis
trifluoromethenesulfonate (TMSOTfL94) [220] was LiC10,/Bu,N " CIO,
presumed preliminary formation of a strained CH,CL,, 2 h, 88%

oxonium ion favoring the reaction course to sub-

OH
stituted allyl alcohols. CHO
y — O
N\ / MeOH, 78%
197

CH,),S8i0S0,CF, + C—C
( 3)3 2 3 198

/ \O/ N\
A special interest in the studies apiro com-
pounds reactivity attract reactions of vinyloxiranes
0SO,CF, with compounds containing magnesiuogpper, and
tin [117, 22-224]. In the lattercase the overall yield
of isomerization products attains only 25% [222], but
Si(CH,), the other investigations provide a possibility to value
194, 2, 6-litidine @_\ this method as very promising and important for
< >? e o understanding of stereochemical laws of organic
s O 78°C, toluene, 72% OSi(CH,), reactions in general and of reactions with participa-
tion of unsaturated spirooxiranes in particul@hese
_ L reactions are related to the reactions of organoele-
Murataet al. [220] pomte_d out thg participation _Of mental compounds with alkyl halides and the other
a_carbon-carbons-bond in  reaction of steroid electrophilic reagents. Isuch reactions with allyl
17a,20-epoxide 199 that afforded unsaturated (but electrophile the reaction can take either of twaites,
not allyl) alcohol (196). Here theexpected reagent namely direct §2 substitution or the so-called
attack was prevented by the shielding effect of theg 2'-attack on the double bond resulting in the allyl
neighboring methybroup.Instead the angular methyl alcohol. The addition of various Grignard reagents
group underwentl,2-migration, and as a result (199 n = 1-3, X = CI, Br) as complexes with
formed a single rearrangement prodet copper cyanide to the simplest spirovinylepoxide

194

e ——
-—

C

N\ /
/ /C AN

+/
@)
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(200 led to its regioselective rearrangement into allylbetweenanenes [22B829]. In [223] was performed

alcohols 20J) in a plausible yield [224]. comprehensive and detailed analysis of factors
governing the stereochemical features of organo-
(CH,) MgX- CuCN cuprates addition to various vinyloxiranes, also to

U . spiroepoxide system204, 205 R = Me, Bu) and

0 (206, n =8-14). The stereochemistry of dialkyl-

0 cuprates (MgCulLi, Bu,CulLi) addition to alkyliden-

199 epoxides 204, 203 is governed by sterical

200
hindrances arising at formation of prevailing products
(CHZ)FQ of syn or anti§2'-addition [225].
@ OH The addition of cuprates [BuMgBE€ul-Me,S,
Bu,CulLi, BuCu(CN)Li] to vinyloxiranes 206a, B
201 also proceeds stereoselectively due to the high content

Later this procedure was used with epoxi@®3 ©of s-transconformers of epoxides (206b) in the

[117] in attempt to synthesize an unsaturated carbindransition state of theeaction. The fraction ofrans-
of complicated structure203). isomers of allyl alcohols in the2Q07 + 208 mixture
amounted to 8%5% [223].

OH
o) (CH,),
(C,H,0)CH,MgCl-CuCN Gy,
THF, ~70-5C. 5 h, 70%
/Y 7
o) 0
203 206

202 206b
Important stereochemical laws on isomerization of (CH,),
spirovinylepoxides with exocyclic double bonds were Bu + Bu
derived by Ziegler and Cady [225], aralso in the = OH (CHy), OH
studies of Marshalkt al. on the synthesis ofa],b]-
OH 207 208
d-> Bu,CuLi VIIl. FORMATION OF NEW CYCLIC SYSTEMS
Bu PROCEEDING FROM SPIROOXIRANES
| M Within the last two decades were published
Me Me © Me ; ; ;
interesting syntheses of new cyclic systems generated
204 OH from epoxy compounds, irparticular, from spiro-
N . oxiranes. These are mostbxygen-containing hetero-
0— Bu,CuLi cycles including one or several oxygen atof@®,
Me._ Me 230-235], andalso other atomf236, 237].
Me Bu Me ~ In some cases thprepared polycyclic systems are
205 intimately linked with the natural substances.g.,

0]
OH

209 210

213
TsOH-H,0, MeNO,, —20°C T
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acuminolide and derivatives of this diterpenoid thathere basing on oxiran@14) was built up an aromatic
possess cytotoxic activity and are highly activefuran fragment of compoun@15.
against melanoma and prostati{d38]. At treating An : -

. i i uncommon behavior was observed at boiling
epoxyaldehyde 209 with 3-furyllithium occurred one of terpinolene diepoxide$1b) in toluene in the

chemoselective transformation only of the aldehyd : :
group to afford (18)- and (LR)-isomeric alcohols presence of alumina under nitrogen atmospHegs.
(210, 213 in 45 and 32% yield respectively. The At subsequent chromatography pyranodg was

dissimilar spatial arrangement of the compounds wa$clated. Under similar conditions diepoxid&1@)
decisive for the acid-catalyzed cyclization. One off€Mmains intactalso when the boiling is performed
epox|des 21@ was in h|gh y|e|d transformed |nt0 W|th the mixture Of d|ep0X|deS undel‘ the same con-
cyclization product 212 (90%), and presumed ditions.

isomer @13 was not obtained.

This fact was rationalized by conformational P o P © N
analysis of carbocation intermediates (K, L). One - - O Me
among the latter is close in structure to the inter- Me

o o
o
Me Me Me
51 51b

mediate state of heterocyclization. The sterical
(conformational) factor in the transformation of we

epoxide R11) was also very importarj238]. 216

a
The reaction of spiroepoxidegt,(179 with per-
oxides @17, 219 in the presence of vanadiumni-
oxide and catalytic amounts of chlorosulfonic acid
afforded 1,2,4-trioxanes in 17#42% yield, in par-
ticular compound220, 221[230].

0 0
4 176
0—O
O o
218

OH OH OH OH
217
Recently complicated syntheses were carried out 0—O0
in the field of biologically active tetracyclic Bu C>< DBu_t
diterpenes related to spongiatriol, epispongiatriol, and OH oH
diosphenol [239]. As in the preceding synthesis the
key stage was heterocyclization spirooxiranes, but 219
O
Ph—( H(Bu-t)
0-0
220
0]
EtO,C 0
(+-Bu)H D H(Bu-f)
0-0
=\ 221
TsOH H,0 == The course of reaction was studied in detail by an
DMSO, 50°C . CN example of styrene oxide and peroxi@é&7. Hydro-
E0,c7 H peroxide 222a, b was isolated as intermediate, and
215 its subsequent cyclization under treatment with the
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| "OPh,
0—O—CH-Ph
Ph\ + /H Ph\ /H H+ Ph \O_O_CHPh O_O
N = L. OH -~~~ Ph- ><'Ph
H/ '\D q D q ! PhCHO § 4
__0 HO H D o
WO, 222a 223a
Ph_ -
H’ O:| D \ \ (I)H +OH2
. O—O—CHPh A
WO, H , M H H H _Q—O—CHPh 0-0
7 N O picHO Phi [P
Ph ) /O D Ph HO D Ph' H\D D' O
WO, 222b 223b

catalyst furnished,,2,4-trioxane 223a, b in quantit-
ative yield.

Reactions ofl,2,4-trioxaneswith various nucleo-
philic reagents (triethylamine, sodium ethoxide,
lithium diisopropylamide, lithium aluminum hydri

de, Grignard reagents, triphenylphosphine, etc.) wa

studied in [230].

Similar polyciclic systems 225 possessing anti-
malarial activity were prepared later by reaction of
spiroepoxides324) with hydrogen peroxide followed
by treating with carbonyl compounds [231].

R H R H

224 R H

o= (CH,), 0-Q
% <f§<;g(@H2)n1

225

OH

OH

“Abnormal’ opening of the epoxying in spiro-
epoxide @26) activated by aluminum bromide addi-

0]
226
CH,OAc CH,Br
OAc
HBr, HOAc Br N
227 228

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.

tion results in formation of adamantylcarbinol due to

1,2-alkyl shift [240]. Later inacetic acid medium

from a mixture of sterecisomeric epoxidez26

(exorendo 3:2) was obtained a mixture of bromo-
acetates (4:1) with prevailing 1-acetoxymethyl-2-
gromoadamantane227) [157].

A very interesting triple transannular cyclization of
spirooxirane 229 into a heterocyclic ¢, hexa-
guinane was carried out by two researghoups,
Paquette and Vazeu)235], and Simmons and
Maggio [241]. According to[235] triepoxide 229
prepared by treating 2,8,9-trimethylene[3.3.3]propel-
lane with m-CIC¢H,CO;H (0°C, 24 h) exists as two
isomers (nonsymmetrical and symmetrical, 50:50;
X= CH,, Y= O; X= 0, Y= CH,). In[241] their
separation was performed b$LC.

The heterocyclization of compoun®29 was
effected ether with boron trifluoride [235] or by
protonation and heating of the triepoxifi41].

X—Y

229
0]
; o% ;O

The transformation of spirooxiranes into deriva-
tives of furan, pyranetc. wasdescribed also in other
publications. In particular, conversion efiocephalin
(230, a natural diterpenoid from clerodarseries,
under the treatment of alcoholic potassium hydroxide

37 No. 10 2001
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solution furnished compoun®31 with two furan and activated olefin (methyl methacrylate) in the presence
one tetrahydrofuran fragments [242]. of titanium catalysts[232].

Reaction started as homolysis of@ bond of the
epoxyring; therewith the carbon radical reacted with
methyl methacrylate, and H-radical preferred to react
with the second equiv of titanium catalyst than with
the second olefin molecule.

Cp,TiCl { | ]
0 2 O— Ti(IM)
L L

R
OTid = .
J/ aIv) ;\,=o OTi(IV)
— c
KOH, EtOH R : J/\/'\(Me
—_— R
1,5 h, 56% o
OTi(IV) M
1Y), + OH
“231 T, oty O 0
Similar transformations of alicyclic epoxides under R ZMe R Me
action of bases were described jA33]. H

Methylenetetrahydropyran2g2) was obtained by Thg reaction turned out to be a convenient proce-
a single catalytic processom epoxy derivative of qyre for functionalization of various epoxidgg32].
methylenecyclohexane and  2-(phenoxymethyl)-21j the Jater study performing by the same Subbaraju

propenylmagnesium chloride [243]. group was shown that at the presence of an alkenyl
fragment in the radical occurred a fast {18) cycliz-
_—Med ation originating from intramolecular addition to a
“\_oph * double bond and affording cycloalkyl fragments and
o further cycloalkylmethanols. Thus 1-oxaspiroalkanes
(233 n =1, 2) cyclize into derivatives of bicyclo-
4 alkanes 234, and spirotrioxanes2@5 yield com-
P(OPr-i), pounds 236.
Pd(OAc),
THE, 0 <—>25°C OMeCl " 70_g0°c, ° OH
OPh  94% 0
CH,CH,CH=CH,
(CH,);
The first (and main) stage of the process consists H
in alkylation of the epoxide with organomagnesium 233 234
compound; the epoxying opens in conformity to
Krasuskyrule. A catalytic quantity of palladium and CH,OH
additional heating facilitates cyclization of the inter- o) 0 Me
mediate. Hg\ H#\ -R
New carbon-carbon bonds and oxygen-containingPh” pn’ O
heterocycles form at addition of spiroepoxid® (o 23SOCHzPh 236 OCH,Ph
o o T Me The formation of nitrogen-containing heterocycles

from spir Xi [ rl ied. As arampl
COOMe  Cp,TiCl om spiroepoxides is poorly studied. As arample

+ = can be cited 2-oxazolines formation in reaction of
T Me THF, 81% oxiranes with acetonitrile promoted by silicon tetra-
4 fluoride [237]. It wasstated that the fluoride efficient-
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ly played the role of Lewisacid and that it was able R R
to activate epoxides of differeriypes. The reaction R Ar—N=C=0 N+ d N
mechanism was not investigated but presumably the Ny~ Ph,Sbl CH,CI, N CAr Y CAr
catalyst facilitated the regiospecific cleavage of the 40-90°C 0

i - 72-100% 0
epoxy ring to _produce a carbocation _that further ° 80% 20%
attacked the nitrogen as the nucleophilic center of 240 241

nitrile molecule.
It was established that in the first stage of the

Me process opened thebond of theoxirane. The isomer
. N=<o ratio in the products is apparently governed by the
o SiF, MeCN ratio of the arising intermediates. The assumed reac-
45% tion mechanism [236] includes three stages: epoxy

ring opening, heterocumulenmsertion, and intra-
molecular cyclization of the forming tetraphenyl-

The reaction stereochemistry was studied by th%tlbonlum carbamates.

example of 4tert-butylcyclohexane derivativesl74,

176 [237]. R
R Ph,Sbl
/ 4
0 N PRSI0 AN,
ﬁ —"
174 AINCO v~ R
Ph,SHO—N-C o\)\l — o\]/N\Ar
Ar O 0
SiF,, MeCN . .. . . .
In nineteen nineties Kinet al. investigated trans-
67% M formations of spirooxiranes containing t-position
carbonyl [245] and methylene [24&Jroups. Under
conditions of radical process [initiated by 3,3-azabis-
(2-methylpropionitrile)] (AIBN) in the presence of
tributyltin hydride epoxide Z42) underwent an intra-
molecular cyclization affording two bicyclic ketones
(243, 244 in a ratio depending on the substrate struc-
) ture [245].Both products are formed with the rupture
SlF - MeCN »-Me of the o carbon-oxygen bond in the oxiran24Q). At
S N R = H the yield of ketone@43 and 244 was respec-
16% tively 31 and 9%, at R = Me 26 and5%.
F Q 0
OH R
+4‘_L:7\/ 2~
10% R
239 BuSiH O OH 0OHR R2
The composition of conversion produ@87-239 _AIBN
evidence that the§1-process is hampered ih76 boﬂmg
stereocisomer apparently due to increased torsional
strain at an equatorial atta¢R37]. 243

Oxazolidines240, 241are conveniently prepared  Oxaspiro]2.6]nonanone245 under similar condi-
by cycloaddition of oxiranes to heterocumulenes (arytions also afforded in 95% yield alcohol246)
isocyanates) catalyzed by tetraphenylstibonium iodidéhroughcleavage of the &0 bond in the epoxying
[236]. neighboring to carbonylgroup.
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o 0 D O OD
AIBN Bu,SnD OH
C.H,, boiling *
83A) 246 95% 247, 5%
OSnBu, ~~ O
i OSnBu, ., OSnBu,

Kim et al. [245] think that the above radical = The transformations of iodine-containing spiro-
cyclization of epoxides is initiated by addition of oxiranes 252 n = 1-3, 8) in a radical reaction with
Bu,Sn radical followed by fragmentation of epoxide tributyltin hydride are very numerous [248].
to (N) radical. The latter isanverted into radical (O)
by 1,5-shift of a hydrogen or of the organometallic

fragment, and the latter radical affords the isomeric o o
alcohol Q47). (j)\/l Bu,SnH

Analogously react vinylepoxides248, 240 that (CH,)> AIBN (CH,),
in reaction with tributyltin hydride undergo a regio- 252 253
selective intramolecular cyclization preceded with 0

1,5-shift of the organometallic moiety [246].

o
+ (CH), | + \)J\/(CHz)n/

@) @)
R
R = In the most cases the main product was ket?58
248 249 Ph

and only in reaction of 8-membered spiroepoxiie!
the 1,5-hydride shift in the intermediate (P) led to
R bicyclic reaction product255

Bu,SnH O
248 I Bu,snH N
AUGH
Kim et al. also carried outcycle expansion in
vinylspirooxiranes ZSQ R,R = H, Me; 251, R =
H, Me, n = 1, 2) in the presence of 4-nitrophenol
and Pd(PP)), as catalyst[247]. S Cj/\
0 @)
R’ R'
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