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n V()Ives generatmn of 5-alky1 radlcalv and n the presence of radzcopbz]zc o]cﬁns in tcmzo.lecu]a.r
addition takes place and affords &-alkylated products in 36-80% yields. 5-Alkylation is also
achieved in the reaction of alkyl benzenesulfenates with tributyltin h _Vdnde (TBTH), in the
presence of activated olefins and introduction of a functionalized alkyl chain involves alkoxy and
o-carbon radicals. Products with functionalized alkyl chains were obtained in 36-86% yields. o-
Alkylation of alkyl benzenesulfenates also occurs in the reaction with hexabutylditin in the

antrvated n

f Infin
preseice of acnivaled oiiis. © 1999 Elsevier Science Lid. All rights reserved.

Sequential radical reactions are firmly established as a powerful tool for the synthesis of complex
organic molecules.! Introduction of a functional group into remote non-activated carbon atoms is an
especially prominent radical reaction applied to the functionalization of inaccessible angular methyl
groups in steroid molecules and other natural products.” Diversity of reactions of this type offer several
possibilities for the introduction of different functional groups onto non-activated carbon atoms. There
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such as photolysis of alkyl nitrites,’ lead tetraacetate oxidation of saturated alcohols,* decomposition of
alkyl hypoiodites™** and other related reactions involving alkoxy,’ nitrogen® and other radical
intermediates.” The key step in all of these reactions is 1,n-, preferably 1,5-hydrogen, transfer from a
non-activated carbon atom to alkoxy radical and formation of the corresponding carbon radicals.?® It
was estimated that the rate constant is &; s .4 = 8 x 10° for abstraction from a methylene group and one
hundred times lower for hydrogen transfer from a methyi group.’
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The fate of §-carbon radicals, generated by 1,5-iranspositio 1e radical centre, depends on the
srecursors of alkoxy radicals. the reagents used for their generation and the reaction conditions.?™ ! §
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Carbon radicals involved in the alkyl hypohahte decompositions preferably undergo halogen
abstraction from alkyl hypohalites.>** While in the Barton reaction a carbon radical is coupled with a
nitroso radical thus forming 8-nitroso alcohols."*** In some of these reactions 8-carbon radicals were
intercepted by ligand-transfer oxidations thus affording 8-substituted alcohols' or five-membered cyclic
ethers (in the lead tetraacetate oxidations of alcohols).”® However, by electron-transfer oxidations of
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the intermediary carbon radical d-unsaturated alcohols are formed.’>'? Only in several cases, such as in
Barton reactions, does interception of 3-carbon radicals, by intramolecular addition to the
appropriately disposed olefinic bond, takes place and thus affords the corresponding cyclopentane
derivatives.” On the other hand, 3-carbon radicals, formed by photolysis of alkyl nitrites, possessing a
keto group on the appropriate position, undergo 3-exo-cyclization to give rearranged products.” &
Alkyl radicals generaied in the lead tetraacetaie-iodine oxidation (hypoiodite reaction) of
cyanohydrins, undergo 5-exo-yclization to the cyano group to afford rearranged keto-cyanides.*"
Tntprr'pnhnn of Fs.nll(vl radicals hv carbon monoxide was observed in the lead tetraacetete oxidation of

alcohols and lactones were ()btamed.16

In order to introduce a functionalized alkyl chain 1 onto remote non-activated carbon atoms we
investigated the possibility of combining this methodology for generation of carbon radicals 3 (stage 1),
remote from the functional group, with the well-known Giese intermolecular addition of carbon
radicals 3 onto electron deficient olefinic bonds 2 (stage 2). By connecting them into one sequence, we
would have one pot, radical reactions (Scheme 1).

E
EMOH Add. _ NP N NOH 15 Hshif, RN o°
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R = N

stage 2 stage 1
1 2 3 4
E=EWG
Scheme 1.

We found that §-alkyl radicals generated by Barton reactions are free enough to be intercepted
by radicophilic olefins. Our preliminary results on this sequence of radical reactions involving &-
alkylation of non-activated carbon atoms and introduction of a functionalized alkyl chain have been

17
reported.
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olefins 2 it was neccssary to generate a really free radical and to apply reaction conditions which
prev other reactions ( such as atom transfer or coupling). We found that &alkyl radicals, generated

is used to favour the addmon reaction. In addition to Barton reactlons, alkoxy radicals arise in the
reaction of alkyl benzenesulfenates with tributyltin hydride, which undergo 1,5-hydrogen shift. These
conditions also give free §-alkyl radicals without a counterpart and could be quenched by activated
olefins as Michael acceptors.”

The synthetic importance of this methodology is in the formation of C-C bonds with remote

non-activated 8-carbon atoms and the introduction of functionalized alkvl chains. 7he aim of our
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studies was to develop a new synthetic method for Michael type alkylation of non-activated carbon

aitrom remote from the original functional group and to introduce mono- and difunctional alkyl chains.

A. 5-Alkylation of Alkyl Nitrites in the Presence of Activated Olefins

The photolysis of alkyl nitrites 5a-e, 15, 18 and 20 was carried out in dilute benzene solution
(0.016 M or 0.2% solution) in the presence of 80 molar equivalents of activated olefins 6 (Scheme 2). A
large excess of olefin 6 was used to favour intermolecular addition of the corresponding intermediary
carbon radical of type 11 and to suppress coupling of &-alkyl radicals with NO. Reactions were
performed by irradiation of alkyl nitrites at room temperature in an inert atmosphere and were
maonitarad hv tle
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Irradiation of r-pentyl nitrite (5a) in benzene solution, in the presence of acrylonitrile was
completed after 3 hours, and 6-hydroxy-3-methyl-2-oximino-hexyl cyanide (7a) was obtained in 45%
yield (Scheme 2). Lower concentrations of acrylonitrile decreased the yield of the 3-alkylated product 7
because of the competing coupling reaction of &-alkyl radical with NO. Higher concentrations of
activated olefins 6 did not improve the yields of d-alkylated products. When methyl vinyl ketone (6b)
and ethyi acrylate (6¢) were used as radicophiiic oiefins modest yieids of the corresponding alkylated

alkylated (Scheme 2). 5-Alk"lation of secondary alkyl mtrites is not stereoselectwe and approximately
1: 1 mixture of two diastereoisomers were obtained

OH
O—NO E l
| + 7~ hv R - A\/\
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R\/\/'\“, | PhH R
~ ~ ¢ il ]
NOH R
5 6" 7b
R R’ E Yield (%) °©
a) Me H CN 45
b) Me H COMe 56
<) Me H COOEt 55
3\ af a LT on d
dj Me Et CN
&)  Me Et COOEt 499

a) Activated olefins were used in 80 molar equivalents.
b) Exists as a tautomeric mixture with predominantion of oxime form.
¢) Isolated yields, ( yields by GC-analysis were 10-20% higher).
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Scheme 2.

The mechanism is as follows. Alkoxy radical 9, formed by photolytically induced cleavage of the
O-N bond of alkyl nitrites 8, undergoes intramolecular 1,5-hydrogen migration (v7a transition state 10)
by an endo S,;2 reaction transposing the radical centre to the 5-carbon atom 11 (Scheme 3).>*3® By
running reactions in dilute solutions of alkyl nitrites and in the presence of a high concentration of

ambizrntad R1afi . L Loy Soctbmmn el 2 1 A6 s A f ATl i AT 11 4t Al e d tnlinn slana
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forming an electrophilic carbon radical 12. This is less reactive towards the electron deficient olefinic

bond and preferentialy undergoes a coupling reaction with the NO radical, thus affording the alkylated
nitroso compound 13. When an 80 molar excess of activated olefins 6 is used, coupling of radical 11
with the NO radical does not occur. However, when lower concentrations of olefinic compounds are
used a mixture of nitroso compounds is formed. These compounds possessing an electron withdrawing
group attached to the same carbon atom easily tautomerise to give the oximino compounds 14 as final
reaction products (Scheme 3).
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Scheme 3.
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10l OTGer tO Conmiirm Our Metnoaology 10T aikylation Of non-activatea caroon atonis o-position, we
applied it to other systems whose structure and stereochemistry permit intramolecular 1,5-transposition

of alkoxy radicals to carbon radicals.

Cyclooctyloxy radical 16, formed by irradiation of cyclooctyl nitrite 15, undergoes to
transannular reaction and the 3-carbon radical was quenched by radicophilic olefins 6 (acrylonitrile and
methyl vinyl ketone) thus giving the corresponding 3-alkylated products 17a and 17b as essentially 1 : 1
mixture of ¢is- and trans-isomers (Scheme 4).

H 0°
/7 N\ _-0—NO E | | E._~. N\_OH
U + “r hv - W JII‘TOH U
15 6 16 17
a) E=CN 43% (48:52)
b) E=COMe 36% (47 : 53)
Scheme 4.

Intramolecular abstraction of hydrogen by alkoxy radicals from non-activated methyl groups was
also successfully achieved, especially when both of the reactive centres (alkoxy radical and carbon
atom at d-position) are fixed and possess the appropriate stereochemistry allowing chair-like
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conformation of the transition state 10, necessary for 1,5-hydrogen transfer
o Faid G dreadioei oo BTSSR SO DA S AGE SR YO axin im tha
We found that by irradiation of 3,3,5-trimethylcyclohexyl nitrite (ONO axial) (18), in the
presence of activated olefins 6, Michael type alkylation of the stereochemically accessible (axial)

methyl group takes place and the corresponding alkylated products 19a and 19b were obtained.
Alkylated products, possessing a NO group at the carbon atom adjacent to an electron withdrawing



group exist in a tautomeric oximino form 19 (Scheme 5). Nitroso compounds can also dimerise and
nitroso-dimer was aiso formed as a reaction product.

EVNOH

O—NO
‘ l E . ~N OH
nv
+ e
77 r =
/ b—-"‘7r\‘ ~
18 6 19
a) E=CN 4%
b) E=COOE 1%
Scheme 5.

This sequence of radical reactions was applied to steroid molecules, in order to introduce a
functionalized alkyl chain onto an angular 19-methy1 group. Thus by photolysis of 3-methoxy-6p-

cholestanyl nitrite (20), in the presence of acrylonitrile, alkylation of the 19-methyi group occurs and
nitroso compound 21 and its dimer were obtained. Since both of the reactive centres are in a 1,3-diaxial

relatinnchin the tranenncitinn nf radical centr
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1€ Op-a:1K0XYy (0 Ui 15-meiny: group is favourable.
The nitroso compound formed bv intermoleculer addition and subsequent nitrosation is in an
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equilibrium with nitroso-dimer and oxime. The intermediary C,,-radical aIso reacts with NO radlcal to
afford a dimer of the C,g-nitroso compound (15%). By refluxing of such a mixture, containing nitroso-

dimers, with isopropyl alcohol, the dimers were converted into the oxime 21 (Scheme 6) and 19-
hydroxyimino cholestane derivative.

MeO

Scheme 6.

B. d-Alkylation of Alkyl Benzenesulfenates by Activated Olefins

Beckwith" found that alkoxy radicals are generated in the reaction of alkyl benzenesulfenates
with tributyltin hydride (TBTH) (Scheme 7). Alkoxy radicals undergo characteristic reactions

RO—SPh + Bu3Sn® —_ RO* + Bu;Sn—SPh



(hydrogen abstraction, fragmentation and addition).”* As was pointed out in the 3-alkylation of alkyl
nitrites, a large excess of activated olefins is required in order to prevent a coupling of the 8-alkyl
radical with nitroso radical. By using alkyl benzenesulfenates as precursors of alkoxy radicals, we

wanted to find conditions for decreasing the ratio of activated oletms to alkoxy radical precursor since
in this case the 6-alkyl radical does not eXiSt a radical pair.
Alkyl benzenesulfenates 22 were pre pared in good yield by reaction of the corresponding

alcohols with benzenesulfenyl chloride in the presence of tnethylamm 22 Alkylation of alkyl
benzenesulfenates 22 was carried out by reductive reaction with TBTH in the presence of 10 molar
equivalents of activated olefins (_chhael acceptors).” The benzene solution was irradiated with a 125
W high pressure mercury lamp at room temperature. Thus, irradiation of n-pentyl benzenesulfenate
(22a) and TBTH in the presence of acrylonitrile afforded 3-methyl-6-hydroxyhexyl cyanide (23a).
3-Alkylation of n-pentyl benzenesulfenate with ethyl acrylate, as activated olefin, give ethyl 4-methyl-7-
hydroxyhexanoate (23b) (Scheme 8). Under the same experimental conditions 3-heptyl
benzenesuifenate was successfully alkylated in the 8-position by acrylonitrile, ethyl acrylate and methyl

3 I Py S | PO ey QU |

“v‘ii"yl ketone, and aikylatea proaucts 23c-e were Obtal
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. Bu3SaH B
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22 62 23
R R’ E Yield (%) b

a) Me H CN 32
b) Me H COOEt
c) Me Et CN 36 €
d) Me Et COOEt 86 ¢
e) Me Et COMe 37¢

a) Activated olefins were used in 10 molar equivalents.
b) Isolated yields, (yields by GC-analysis were 10-20% higher).
c) 1:1 mixture of two diastereoisomers.

Scheme 8.
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and the stable trlbutylthlophenyltm molecule. Alkoxy radicals generated in this way, possessing no
radical counterpart, smoothly undergo a 1,5-hydrogen shift to produce §-carbon radicals 26. In the
presence of activated olefins the §-alkyl radicals undergo intermolecular addition to the activated
olefins (&, = 3 x 10° M’'s?), rather than hydrogen atom transfer from tributyltin hydride. The
intermediary radicals 27 are electrophilic species and undergo hydrogen abstraction from TBTH to
give 8-alkylated products 28 and tributyltin radical (Scheme 9).

Q.
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Bu;Sn—SPh
A
O—SPh . , ¢ .
l J + Bll3Srl I I —_— .

Cyclooctyl benzenesulfenate (29) was also alkylated in the 4-position by activated olefins
( itrile and et_hvl a_grv!ate\ under the same reaction conditions. Transannular hyr__ir
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occurs dnd in the subsequent addition reaction, 8-alkylated products 30a and 30b were obtained as
mixture of essentially equal amounts of cis- and trans-isomers (Scheme 10).

N\ O 5Ph E B enTT E\v/\ / \_~CH
[ T . ( Bu;SnH
\ / [l hv, PhH \ /
29 6 30
a) E=CN 28% (1:1)
b) E=COOEt 33% (1:1)
Scheme 10.

Alkyl benzenesulfenates possessing both reactive centres with fixed conformation were also
successfully alkylated. For example, 3,3,5-trimethyicyclohexyl benzenesuifenate (O-SPh axial) (31) was
alkylated by acrylonitrile at the axial methyl group and 32 was obtained (Scheme 11).

LYL/\L
s

L

32

34%
Scheme 11.
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Alkylation of remote non-activated carbon atoms was also achieved in the reaction of alkyl
benzenesulfenate 33 with 4 molar equivalents of activated olefins in the presence of hexabutylditin.
Thus by irradiation of norbornylmethyl benzenesulfenate 33 and acrylonitrile, in the presence of

hexabutylditin a remote Michael type alkylation occurs and 2-(5-hydroxymethyi-2-norbornyl)-1-
phenylthio-ethyl cyanide (34) was obtained as the main reaction product. Under the same conditions 7
penty! benzenesulfenate (22a) reacts with acrylonitrile in the presence of hexabutylditin to give &
alkylated product 38 (Scheme 12). In this alkylation of the remote carbon atom the sequence of radical
reactions (33 — 35 — 36 — 37) is ter mmatcd by intermolecular phenylthio group transfer, from the

=

starting alkyl benzenesulfenates to the intermediary carbon radical 37 (Scheme 2).”" In this reaction,

I N

/ l W _CN (BusSn), / l W

L : TwoenH T MO Y
. $Ph N

_\

O—SPh OH
33 34
Bu;Sn'\ - 22% 35
exofendo isomer ratlo\/
52:48
X N N N 7N 33
CN
A S A
—_— l—-’ NC
H AN ~ ) ~
(o) OH OH
K 36 37
SPh
/CN (BU3SH)2 _ HO . l l
\/\/-\/\
2a . ( hv, PhH CN
38
24% ., diastereoisomer ratio 55:45
Scheme 12,
an alkyl radical 36, generated by 1,5-hydrogen transfer, undergoes in the presence of acrylonitrile
intermolecular addition to the olefinic bond rather than a phenylthio group transfer reaction involving

starting compound 33. However, radical 37 is more electrophlhc than alkyl radical 36, and since species
37 is more thiophilic, it participates in the intermolecular phenylthio group transfer to afford final
reaction product 34.

The present results demonstrate a convenient method for the introduction of a functionalized
alkyl chain at remote non-activated carbon atoms, especially at inaccessible angular memyl groups. This

methodoiogy offers the opportunity to introduce two carbon chains bearing different electron
withdrawing groups with or without an oximino group.
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EXPERIMENTAL

Solvents used in all of the expenmcnts were distilled over calcium hydndc Purifications and

S€para tions of the reaction pIOGUC[S were carried out Uy column cnromatograpny usmg silica gel 70-200
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200 MHz spectrometer Y C-NMR spectra were recorded on the sam
spectra were performed on Finningan ITDS 700 instrument.

d-Alkylation of Alkyl Nitrites 5a-e, 15, 18 and 20 by Photolysis in the Presence of Radicophilic Olefins

Alkyl nitrites were prepared by introduction of nitrosyl chioride into the solution of aicohols in
pyridine at -20 °C* n-Penty! nitrite was prepared by reaction of n-pentanol with a saturated agueous
solution of sodium nitrite and 50% sulfuric acid.

Photolytical 5-alkylation of alkyl nitrites in the presence of radicophilic olefins. General procedure.

A solution of alkyl nitrite (3 mmol) and 80 molar equivalents of an electron deficient olefin (0.24
mol) in dry benzene (200 ml) was irradiated at r.t., in an argon atmosphere, by a 125 W high pressure
mercury lamp during 3 h. The solvent was evaporated under reduced pressure and the reaction

nradiistc wara ca - Ty rhramntaaranhe Aam ciling anal Anl ricine hanmrana I nantada

PIroGuUcCs Wit s& para ed Oy Cnromatograpny O suica gei Coiumin \uaulg UcuLCUCICtuyl acetate=1:1 as
Plnenﬂ

o- Alkvlatzon ofn-pentyl nitrite (5a) with acrylonitrile. A solution of 0.351 g (3 mmol) of #-pen
and 12.7 g (0.24 mol; 80 molar equrvalent excess) of acrylonitrile in 200 ml of dry benzene was
irradiated during 3 h. Benzene was removed by evaporation and the oily residue was separated by
chromatography on silica gel (using benzene/ethyl acetate =1:1 as eluent) to give 0.18 g (45% yield)
of 1-oximino-3-methyl-6- hydroxyhexyl cyanide (7a) as a colourless oil. IR (neat, cm™): 3259, 2230, 1708,
1664, 1462, 1377, 1277, 1047, 'H-NMR (200 MHz) &: 1.00 (d, 3H, J = 6.7 Hz), 1.25-1.80 (m, 4H), 1.98
(m, 1H), 2.38 (dd, 1H, J,,,, = 14.5 Hz, J,;,, = 7.7 Hz, CHCH,Hy), 2.55 (dd, 1H, J,., = 14.5 Hz, J,

Hz CHCH H.) 368t 2H. T =63 Hz) 10-105 (broad s 1I-T\ BONMR (50 MH2) §- (13961
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C, (63.09, 34.44, 32.60) CH,, 30.79 CH, 29.71 CH2,19 67 CH;; MS 171 (M+1).
1-Oximino-3-methyl-6-hydroxyhexyl cyanide (7a) was acetylated using acetic anhydride and 1-
acetoximino-3-methyl-6-acetoxyhexyl cyanide was isolated as a colourless oil by column
chromatography using petrolether/ethyl acetate 9 : 1as cluent. IR (neat cm")' 2228, 1736, 1713, 1458,
1435, 1387, 1367, 1249, 1006; 'H-NMR (200 MHz)

&1
S~ ~ 4 XY ~ ) h 4 -~ o~y ~T Yl T - o~ o~ ww N\ _. - e s
2H), 2.00 (m, 1H), 2.06 (s, 3H), 2.28 (s, 3H), 2. (m, ZH ), 4. 7 (t, Ll—l, J=6 3 Hz); * L,-NMK (DU MHZ)
&: (171.14, 166.63, 145.84, 113.15) C, (64.08, 36.65, 32.74) CH,, ( 30.89) CH, ( 25.89) CH,, (20.92, 19.31,

1923) CH,; MS: 255 (M1).

S-Alkviation of n-pentvl nitrite 8a) with methvl vinvl ketone. A solution of 0.351

-nDe.
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pentyl nitrite, 16.8 g (0.24 mol) of methvl vmvl ketone in 200 ml of benzene was 1rrad1ated by the
standard procedure and 5-methyl-3-oximino-8- hydroxyoctan—Z one (7b) was obtained as a colourless
liquid (0.31 g, 56% yield). IR (neat, cm™): 3283, 1690, 1456, 1425, 1382, 1366, 1123, 1071; "H-NMR (200
MHz) &: 0.90 (d, 3H, J = 6.7 Hz), 1.30 (m, 2H), 1.60, (m, 2H), 1.86 (m, 1H), 2.36 (s, 3H), 2.41 (dd, 1H,
Jom =123 Hz, J,. =6.5 Hz, CHCH,Hy), 2.51 (dd, 1H, chm = 123 Hz, J,, = 8.1 Hz, CHCH_ Hjy),

gem vic

2.86 (S 1H), 3.64 (t 2H, J = 6.6 HZ), 10.35 (broad s, IH), BC-NMR (DU MHZ) o (198 22, 159. 36) C,
(63.04, 32.97) CH,, 30.56 CH, (29,68, 29.27) CH, (25.21, 19.71) CHy; MS: 188 (M+1)

S_Allvlag F +h
-runf_fn&'t'ﬂﬂ of n-penty _yl nitrite (Ja/ with eth _yl aci _yrau‘% neéac
i

f n-nentvl nitrite and 24.0 g (ﬂ 24 mol) of ethvl acrvlate

- vl wxrth
1til
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0 00 : . It was is
6 g (55% yield) of colourless ll(]l.lld of ethyl 2-oximino-4-methyl-7-hydroxy octanoate (7c). IR
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cm™): 3305, 1732, 1653, 1463, 1383, 1308, 1183, 1152, 1017, 'H-NMR (200 MHz) &: 0.90 (d, 3H, J = 6.7
Hz), 1.20-1.50 (m, 2H), 1.35 (t, 3H, J = 7.1 Hz), 1.60 (m, 2H), 2.00 (m, 1H), 2.51 (dd, 1H, J,,,, =12.6 Hz,
Ji. =64 Hz, CHCH_,H,;), 2.65 (dd, 1H,Jg‘wsm =126 Hz, J,. = 81Hz CHCH _Hg), 3.63 (t,2H,J = 6.6
I 2H, J = 7.2 Hz), 10.20-11.20 (broad s, 1H); “C-NMR (50 MHz) &: (163.97, 152,39) C,

1.20
1y MY 2N Q0 ML 70 7Q MIT 71 ML 1A NN MET AAQ, N10 /AL . 1y ANN
1) CH,, 30.89 CH, 29.78 CH,, (19.76, 14.01) CH,. MS: 218 (M + 1), 200.

Photolysis of 3-heptyl nitrite in the presence of an activated olefins.

6-Alkylation of 3-heptyl nitrite (5d) with acrylonitrile. A solution of 0.435 g (3 mmol) of 3-heptyl nitrite
and 12.7 g (0.24 mol) of acrylonitrile in 200 ml of benzene was irradiated during 3 h. The solvent was
evaporated and the oily residue was purified by column chromatography on silica gel (using
benzene/ethyl acetate = 1 : 1 as eluent). Pure 1-oximino-3-methyl-6-hydroxyoctyl cyanide (7d) was
isolated as a pale yellow oil in 80% yield (0.475 g) (48 : 52 ratio of two diastereoisomers determined by

17 ATR ATIY TT AMATT AN 44 4 A4 40 Amra AN irr \1\ Ve s W iaYiTo B Vs & PRS- ~w o

*CNMR). IR (neat, cm™): 3247, 2229, 1712, 1461, 1383, 1261, 1016; 'H-NMR (2 UUMHZ)O 0.96 (t, 3H,

Yv. TR Y NAQ A 21T T _ AA T2 19381 TN (v ALIY 1 QK fen 1LIN D AN A1 1LY — 1A A LY. T —
1.0 1), U706 (U, O1k, J = 0.0 114}, 1.£0-1./VU \1, OK1j, 1.50 (i1, 111}, £.4V (44, 11}, "gcm = 1.8 114, Sy =

3.6 Hz, CHCH,Hy), 252 (dd, 1H, J . =144 Hz J, =79 Hz, CHCH_ H;), 3.58 (m, 1H), 10.60

gem
(broad s, 1H); 13C NMR (50 MHz) &: (132. 28 110.58) C, (73.99, 73.48) CH, (38.72, 38.53, 33.60, 33.23,
31.93,31.48) CH, , (31.13, 30.47) CH, (29.99, 29.10) CH,, (19.33, 19.12, 9.87, 9.78) CH;; MS: 185 (M+1).
o-Alkylation of 3-heptyl nitrite (5e) with ethyl acrylate. Reaction was performed with 4.35 g (3 mmol)
of 3-heptyl nitrite and 24.0 g (0.24 mol) of ethyl acrylate in benzene solution (200 ml). It was obtained
0.36 g (49% yield) of ethyl 2-ox1m1no-4-methyl 7-hydroxynonanoate as a pale yellow oil (7e, as a

13~ mvn v\ -~y

mixture of diastereoisomers, 45 : 55 determined Dy *C NMR). IR (neat, cm™): 3386, 1733, 1462, 13
T

1ﬂcn 110£ 1127 1nH77.  11x \nu'n Il n\rrr
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CHCH,H,), 2.61 (dd, 1H, Jym=127Hz, J,, = 8.1 Hz CHCH, Hy), 3.50 (m, 1H), 425 (q. 2H, J = 5.7
Hz), 10.70 (broad s, 1H); “C-NMR (50 MHzZ) 5: (163.99, 163.97, 152.29) C, (73.45, 73.45) CH, (61.58,
33.83, 33.79, 32.87, 32.82, 31.62, 31.48) CH,, (31.11, 31.06) CH, (29.94, 29.77) CH, , (19.78, 19.64,13.97,
9.88,9.74) CH,. MS: 246 (M + 1), 228. Anal. Caled. C,H,,NO,: C,58.77: H, 9.38; N, 5.71; Found: C,

58.61; H,9.01; N, 5.90.

Phnatnlveie nf rvrlonctvl] nitrite £18) 1n th ro nre nf an artivat,
Fi llululjt’lo i - UIUUUL}I dLLerice (‘Jj 444 74 &

14
(S..A lkviation of cvr 'oocty: nitrite / '§) with acrvionitrile. A so
-« “J‘J‘u&lv“ L v “ e v [N AN i b ul&uvl’ i \rlvv\rl! s

as 1rrad1ated during 3 h, and by
chromatography on sxhca gcl column (using benzene/ethyl acetate =1 : 1 as eluent) it was isolated 0.25
g (43%) of 2-(4-hydroxycyclooctyl)-1-oximinoethyl cyanide as a oil (17a, 48 : 52 mixture of two
diastereoisomers determined by "C NMR). IR (neat, cm™): 3286, 2230, 1624; 'H-NMR (200 MHz) &:
1.30-2.15 (m, 13H), 2.50 (m, 2H), 3.92 (m, 1H), 10.92 (broad s, 1H); ®*C-NMR (50 MHz) &: 132.61,
110.52, 72.68, 39.27, 35.56, 34.36, 32.64, 30.16, 27.41, 25.24, 23.15; MS: 211 (M+1).

8-Alkylation of cyc]oocty] nitrite (15) with methyl vinyl ](etone Reaction was performed with 047 g (3

mamanl) Af ruslanatyl mitrita and 16 Q2 4 N IA mAlY AF mathol ving 1 FatAna hamzama M el A Fraw
i1HIU1 ) Ul CyLioULyl nitrite U 1U.0 g (V.o LIUL) UL uu.d.uyn vuz_yl ACWUHC ux UCLILCLIC \AUU UILj. MWL

all
separation of the rPartiQn mixture 0.245 g (’%6‘%\ of pale vellnw oil of 1 (A-hvdrnvvrvrlnnrtvl\-z-

Shpaiaralil VL A% Last (9934 pPess (2 PR 2y LIOA YL YLIVOULS .,

oximinobutan-3-on 17b was isolated as a mlxmre of two dlastereolsomerq (47 : 53, determined by “C
NMR). IR (neat, cm™): 3273, 1681; 'H-NMR (200 MHz) 8: 1.30-2.30 (m, 13H), 2.38 (s, 3H), 2.48 (m,
2H), 3.88 (m, 1H), 9.10-9.80 (s, 1H); “C-NMR (50 MHz) §; 198.00, 159.29, 72.66, 35.85, 33.92, 32.93,
29.96, 27.74, 25.26, 25.20, 23.03, 21.26. MS: 228 (M + 1), 210. Anal. Caled. C,H,,NO;: C, 63.43; H,
9.25; N, 6.16; Found: C, 63.35; H, 9.18; N, 6.36.

DL ot diionson 2 2 € bt tlcdncrnd il ncre] sadtbodtn LMY nerinl) F1@) Lo thhc smsencnzenn ~Af vadin b ilin Alafima

LHOLOLYSS O 2,2, =L HICUTYICYCLOHCA YL HILILC (/I dAldl) (40) 11 LU0 PiocdCHLC U1 TadddeUpHHIC UICLL

S_Allrviating Af 2 2 5 trimathuvlrvrlnhavul nitrite fTINO) avial) 718) unth arrvinnitrila Ry nhatnlyucic of
~AAIKYIaUIO Oi J,0,0 -0 inCul yilyCiOaCA yl i 4 all yrOiiuae, DYy pinutliysid U1
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. ) ep 1 127¢ f
in 200 ml of benzene, dccordmg to the general proced e (3h,r.t. ) 1t was 1solated 0. 275 g4
oily #3,¢-5-dimethyl-c-3-(3-oximino-3-cyanopropyl)-r-1-cyclohexanol (19a). IR (neat, cm™):
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1710, 1631, 1457, 1379, 1251, 1181,1083, 1012; 'H-NMR (200 MHz) &: 0.88 (s, 3H), 0.89 (d, 3H, J = 5.1
Hz), 1.00-2.10 (m, 9H), 2.30-2.60 (m, 2H), 4.20 (m, 1H); “C-NMR (50 MHz) & (134.36, 110.58,) C,
68.23 CH, (47.37, 41.35, 40.96, 35.56, 32.97) CH,, 29.80 CH, 27.48, CH,, (22.44, 22.13) CH,. MS: 225 (M

s Y2 ' ]

+1 ), 207,

£ A llerdn ~f b I P R N SR Jhy RN BV LS e} \ 7o T SR S" . ) WL VY Y N SN Sy A Ao
(rn.my;auuu of 33 5-trin elgyicycionexyr nirite (NG axiary (10 T €yt acryiaié. »,3,0-
Trimethylcyclohexyl nitrite (0.51 g, 3 mmol) was reacted with ethyl acrylate (24.0 g, 0.24 mol) using

general procedure (benzene as a solvent, r.t. irradiation) to give #3,#5-dimethyl-c-3-(3-carberthoxy-3-
oximinopropyl)-r-1-cyclohexanol 19b (0.25 g, 31% yield) as a pale yellow oil. IR (neat, cm™): 3295,
1723, 1457, 1376, 1304, 1194, 1154, 1099, 1017, 'H-NMR (200 MHz) 8: 0.86 (d, 3H, J = 5.2 Hz), 0.89 (s,
3H), 1.20-2.05 (m, 9H), 1.34 (t, 3H, J = 5.7 Hz), 2.58 (m, 2H), 4.18 (m, 1H), 4.30 q, 2H, J = 5.7 Hz), 10.50
(broad s, 1H); C-NMR (50 MHz) &: 164.01, 153.77, 67.77, 61.67, 48.10, 41.00, 40.74, 34.67, 33.30, 29.50,
22.45, 22.09, 20.08, 13.98. MS: 272 (M + 1), 254. Anal. Caled. C,H,;NO,: C, 61.76; H, 9.19; N, 5.14;

M. ’|"I' N21. WT £ NO
U; o, Y.51; IN, 5.Uo.

Phnfnlvc'm of ?-mPfhnYV-ﬁﬂ-rhn/Pcfznvl nitrite (20) in the nresence of acrvionitrile. A solution of 0.804
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g (2 mmol) of 3-methoxy-6B-cholestanyl nitrite and 8.48 g (0.16 mol) of acylonitrile was irradiated
according to the general procedure. The crude reaction mixture was refluxed with isopropyl alcohol and
022 g (22%) of 3-methoxy-6B-hydroxy-19-(2-oximino-cyanoethyl)-cholestane and 3-methoxy-6p-
hydroxy-19-hydroxyimino-cholestane 0.14 g (15% ) were isolated as a pale yellow oils (which crystalize
after standmg for several days) Compound 21 has following spectral evidences: IR (KBr, cm™): 3349,
22 467, 1381, 1261; 'H-NMR (zUU MHz) 8: 0.80 (s, 3H), 0.90 (m, 9H), 1.00-2.30 (m, 31H), 2.54

1H), 3.42 (s, 3H), 3.85 (m, IH), 10.60 (s, =NOH); "“C-NMR (50 MHz) §: 140.21,
Q 1 7

N ST RN AR 7 47 4 AN AA ’20’71 Q8N QN7 2619 2874 24 V4
cIUy, JI.0U, 706, I.L, LU, FUSS, DT 1, J7.JU, SOV, JULL, DI [T, JH4.LO,

33.33, 32.12, 30. 56 29 69 28.69, 28. 15,27.99, 25.19, 24.18, 23.79, 22.80, 22.55, 18.64, 12.18. MS: 501 (M
+ 1), 483. Anal. Calcd. C;,H,,N,0;: C, 74.40; H, 10.40; N, 5.60; Found: C, 74.21; H, 10.52; N, 5.58. 3-
Methoxy-6B-hydroxy-19-hydroxyimino-cholestane: IR (KBr, cm™): 3290, 1636, 1468, 1374, 1083, 1011;
"H-NMR (200 MHz) 8: 0.60 (s, 3H), 0.86 (d, 6H, J = 6.4 Hz), 0.89 (d, 3H, J = 6.2 Hz), 0.95-2.30 (m, 29H),
3.20-3.33 (m, 1H), 3.32 (s, 3H), 3.76 (m, 1H), 7.10 (m, 1H), 7.23 (s, 1H), 10.98 (s, 1H); “C-NMR (50
MHz) &: 154.23, 79.75, 69.72, 56.15, 55.32, 53.17, 46.19, 44.25, 42.30, 40.33, 39.73, 39.42, 36.07, 35.69,
G 4.1 73, 22.51, 21.58, 18.68, 11.84. Ii was observed that irradiation
Ta
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5-Alkylation of Alkyl Benzenesulfenates 22a-e, 29 and 31 by Reduuction with Bu,SnH (TBTH) in the
Presence of Radicophilic Olefins

Alkyl benzenesulfenates 22a-e, 29 and 31 were prepare by reaction of benzenesulfenyl chloride

csredle T L 1_ Haee s L1221 ... em dle o i A ALl al PRy e e

WILIl alCoIois lI] dIlIlyUIUUb lIlElIlyl e Clorac 4na l 1 UIC prescince oL Uiyl ar nlnc UI]UCI' argon
20,21 :

atmosphere at -40 °C.™% The colourless solution was washed s"c"esswcly with water, diluted

hydrochloric acid and brine, dried (anh. Na,SO,) and the solvent was evaporated iz vacuo. The oily
residue, containing a crude alkyl benzenesulfenates were purified by distillation at reduced pressure
(lower molecular weight) or by chromatograpgy on silica gel column.

Benzenesulfenyl chloride was prepared by chlorination of thiophenol with sulfuryl chloride in
the presence of triethyl amine, in pentane solution and under argon atmosphere.”

]
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d3
31 (224 mmol), 224 mmol (10 molar

eauwalents) of a radlconhﬂlc olefms ( Mlchael accer)tors) and 2 5 mmol of TBTH in 200 ml of benzene
was irradiated at r.t. by a 125 W high pressure mercury lamp for 2 h in an argon atmosphere. The course
of reactions were monitored by TLC. Benzene was removed by evaporation, the residue was dissolved
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in ether, washed with aqueous saturated sodium fluoride solution (in order to remove tin compounds)
and dried over anh. Na,SO,. Ether was evaporated and the reaction products were separated by
chromatography on silica gel column (using benzene/ethyl acetaete =7 : 3 as eluent).

Ikylation of n-per ac /e In the presence of TBTH. A solution
of 0.44 g (2.24 mmol) of n=penty1 benzenesu}fenate, 120¢g (2 24 mmol) of acrylonitrile and 0.65 g (2.24
mmol) of TBTH in 220 ml of benzene was irradiated dur no 2 h. The crude reaction mixture was

separated by column chromatography a fforded 0.10 g (32% yield) of oily 3-methyl-6-hydroxyhexyl
cyanide 23a. IR (neat, cm™): 3403, 2247 "H-NMR (200 MHz) &: 0.94 (d, 3H, J = 6.3 Hz), 1.25-1.80 (m,
TH), 2.25-2.47 (m, 2H), 3.65 (t, 2H, J = 6.4 Hz); "C-NMR (50 MHz) &: 119.93 C, (62.81, 32.14, 32.08)
CH,, 31.77, CH, 29.79 CH,, 18.69 CH,, 14.86 CH,. MS: 142 (M + 1), 124.

o-Alkylation of n-pentyl benzenesulfenate 22b with ethyl acrylate in the presence of TBTH. n-Pentyl
benzenesulfenate (0.54 g, 2.75 mmol) was reacted with 0.80 g (2.75 mmol) of TBTH in the presence of

LD B\LiD uuuul) of ethyl acr yiaie ‘tisiug, L€ generai proceaure. ny pUIulLdLl()Il of crude oil on silica
oel column it was isolated 029 o (56% vield) of ethvl 4-methvl-7-hvdroxvhentanaate (23h) ac 2
DYE WISAMIAIIA AU VT RU OVIARLWYW Vs & \WPV IV YFAWINI Ui WY TV AMAWwvlryd o/ ll]ulUAJllUtllﬂllwl\v \LIJU} ao a
colourless liquid. IR (neat, cm™): 3408, 1736, 1262, 1184; '"H-NMR (200 MHz) §:0.90 (d, 3H,J = 6.2
Hz), 1.26 (t, 3H, J = 7.2 Hz), 1.10 -1.80 (m, 7H), 2.20-2.40 (m, 2H), 3.63 (t, 2H, ] = 6.6 Hz), 4.13 (g, 2H, J
=7.2 Hz); "C-NMR (50 MHz) &: 174.11, 63.09, 60.21, 32.50, 32.12, 32.01, 31.72, 30.05, 19.16, 14.15; MS:

189 (M+1) 100%.

o-Alkyiation of 3-heptyl benzenesulifenate (22c) with activated olefins
8-Alkylation of 3-heptyl benzenesulfenate (22c) with acrylonitrile. 3-Heptyl benzenesulfenate (0.62 g,

Peey hanrana Al an ~ MM I8
2.75 mmol) and 1.46 g (27.5 mmol) of acrylonitrile was dissolved in 220 m! of benzene and 0.80 g (2.75

e
mmn]\ of TBTH was added. The reaction mixture was irrndlatgd durine 2 h. 3- Mpthvl ﬁ-hvdrnvvnotvl

(LR LY ) wL82 214 S RLlRiinp J e ya

cyamde (23c) was isolated as a colourless liquid (0.17 g, 37% yield) (1: 1 ratio of two dlasteremsomers
determined by “C NMR). IR (neat, cm™): 3436, 2247, 1462, 1427 1382, 974, '"H-NMR (200 MHz) &:
0.92 (d, 3H, J = 1.4 Hz), 0.94 (t, 3H, J = 7.4) Hz), 1.10-1.80 (m, 9H), 2.24-2.50 (m, 2H), 3.40-3.60) (m,
1H); PC-NMR (50 MHz) &: 119.91, 73.23, 73.07, 33.89, 33.72, 32.10, 32.03, 31.85, 30.15, 30.05, 18.74,
18.61, 14.77,9.78, 9.73; MS: 170 (M+1) 37%, 152 [(M+1) - H,0] 100%.

o-Alkylation of 3-heptyl benzenesulfenate (22d) with ethyl acrylate. Irradiation of a solution of 0.62 g
(2.75 mmol) of 3-heptyl benzenesulfenate, 2.75 g (27.5 mmol) of ethyl acrylate and 0.80 g (2.75 mmol) of

TRTH in henzena (220 mi) fr\r 7h r\rr\‘r;r]p NSY) a (R U /. yrialdY Af nn‘nnrlano lHanid af athyl 2_math

1
LAF3 AR MIUVIIAVIIV &4V M) 1V 4 1 PIUVIMCG V.o 4 1o Jivliu) Ul Luivuiivos ll\lulu Ul Liuiiyl omuieil ‘yl
a

g 70 il
6-hydroxynonanoate (23d, as a mixture of diastereoisomers, 1 :1 determined hv BC NMR\ IR (pg
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somn
cm™): 3452, 1735, 1462, 1378, 1256; '"H-NMR (200 MHz) &: 0.89 (d,3H,J = 4.6 Hz\ 0.94 (1, 3 =7,
Hz), 125(t 3H,J = 72Hz) 1.10- 180(m 9H) 2.20-2.40 (m, 2H), 3.40-3.60 (m, 1H) 412(q, 2H =17.
Hz); “C-NMR (50 MHz) &: 174.00, 73.21, 73.07, 60.05, 34.00, 33.94, 32.32, 32.23, 31.88, 31.68, 31.54,
29.97,29.86,19.12,19.03, 14.00, 9.71, 9.67; MS: 217 (M+1) 70%, 199 [M + 1) - H,0] 100%.
0-Alkylation of 3-heptyl benzenesulfenate with (22e) ethyl vinyl ketone. A solution of 0.62 g (2.75
mmol) of 3-heptyl benzenesulfenate, 1.93 g (27.5 mmol) of methyl vinyl ketone and 0.80 g ((2.75 mmol)
of TBTH in 220 ml of benzene was irradiated in an argon atmosphere for 2 h. The solvent was

ratad An qilica ol ~nl

evaporated and the residual oil was s€p G 01 siica gei Coumn \uauxs ucuu:uclctuy} acetate =9 :
as eluent). 5-Methyl-8-hydroxydecan-2-on (23e) was isolated as a liquid in 37% yleld (0.19 g) as a
mixture ftw diastereoisomers ( ratiol:1 determlned by PC NMR). IR (neat, cm™): 3446, 2959, 1713,

1.90 (broad m, 1H), 2.15 (s, 3H), 2.38-2.50 (m , 2H) 3.42-3.56 (m, 1H); SC.NMR (50 MHz) 5:209.53 C.,
(73.36, 73.20) CH, (41.27, 34.09, 33,99, 32.44) CH,, 32.38 CH, 32.33 CH,, 32.22 CH, (30.57, 30.40, 30.07,
29.96) CH,, (29.73, 19.30, 19.20, 9.77, 9.72) CH,; MS: 187 (M+1) 10%, 169 [(M+1) - H,O] 100%.

S5-Alkylation of cyclooctyl benzenesulfenate (29) with activated olefins.

[nd PRI i Ny ¥ SRS Y R RSOy SR o SIS LR e B W Ao IL At N £ ~ Tz
6-Alkylation of cyclooctyl benzenesuifenate with acryloniirile. Cyclooctyl benzenesulfenate (0.65 g, 2.75
mmol), 1.46 g (27.5 mmol) of acrylonitrile and 0.8 g (2.75 mmol) of TBTH was irradiated for 2 h. 2-(4-
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Hydroxycyclooctyl)-ethyl cyanide (30a)was obtained as a colourless oil in 33% yield (0.15 g) as a
mixture of cis- and trans-isomers (1 : 1 determined by “C NMR). IR (neat, cm™): 3402, 3019, 2927,
2252, 1216, 910, 760; 'H- NMR (200 MHz) &: 1.10-2. 04 (m, 15H), 2.36 (t 2H, J = 7.2 Hz), 3.74-4.00 (m,
Y ~ - 4‘4)
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o-Alkylation of cyclooctyl benzcncsu]fen (29) with etby] acrylate. A solution of 0.65 g (2.75 mmol)
of cyclooctyl benzenesulfenate, 2.75 g (27.5 mmol) of ethyl acrylate and 0.8 g (2.75 mmol) of TBTH was
irradiated for 2 h. From the reaction mixture it was isolated 0.21 g (34%) of ethyl 3-(4-
hydroxycyclooctyl)-propanoate (30b, 1:1 mixture of cis- and trans-isomers determined by "C NMR).
IR (neat, cm™): 3446, 1734, 1245, 1162; '"H-NMR (200 MHz) &: 1.26 (t, 3H, J = 7.2 Hz), 1.10-2.05 (m, 15

H), 2.25-2.35 (m, 2H), 3.75-3.85 (m, 1H), 4.13 (q, 2H, J = 7.2 Hz); "C-NMR (50 MHz) &: 174.04, (72.52,

nt
WL, JZ.
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71.96, 71.56), CH, 60.19 CH,, (37.33, 37.04) CH, (36.56, 36.27, 34.80, 34.65, 34.23, 33.52, 33.18, 32.98,
32.81, 32.63, 32.39, 32.03, 36.’%/ 30.14, 28.04, 27.77, 25.89, 25.38, 23 36 22.69, 22.16, 21.36) CH,, 14.19

Alkylation of axial methyl group of 3,3, 5-trimethylcyclohexyl benzenesulfenate (O-SPh axial) (31) with
acrylonitrile. Reaction of 0.56 g (2.24 mmol) of 3,3,5-trimetilcyclohexyl benzenesulfenate with 0.727 g
(2.5 mmol) of TBTH in the presence of 1.187 g (22.4 mmol) of acrylonitrile yielded, after the standard
work up procedure, 0.147 g (34%) of #3,t-5-dimethyl-c-3-(3-cyanopropil)-r~1-cyclohexanol (32.) as a

colourless oil. IR (neat, cm™): 3469, 2950, 2247, 1457, 1013; 'H-NMR (200 MHZ) 8: 0.85 (s, 3H), 0.89

/3 AYY Y L L AN NN AN S 44T\ N N1 fi ALY £ O XYY\ AAarg f_ x AA TT N, 3wty s
(d, 3H, J = 6.6 Hz), 0.70-2.10 (m, 11H), 2.31 (t, 2H, J = 6.8 Hz), 4.15 {(q, 1H, J = 3.2 Hz); "C-NMR (50
NRALT=\ R 19N 11 £7 Q0 A7 19 A1 Q& A1 £4 2@ 51 22 N4 DQ QK MM AQ I7 92 M Q1T 17 Q1. ANC. 1Q4 /AL, 1)
LVLJ.].Z} U. 14V.11, V/.07, %714y, F1.79, F1.UU, J0.01, JI.UN, L7.7J, L&V y Liberdrdy 44U, 0L, L/.71, V1D, 170 \LV1+L}

10%, 178 [(M-+1) - H,0] 100%.

Alkylation of the remote carbon atom of endo-Z-norbornylmethy! benzenesulfenate (33) with
acrylonitrile in the presence of hexabutylditin. A solutioin of 0.468 g (2 mmol) of endo-2-
norbornylmethyl benzenesulfenate and 0.212 g (4 mmol) of acrylonitrile in the presence of 0.174 g (0.3
mmol) of hexabutylditin in 40 ml of benzene was irradiated in an argon atmosphere during 15 min.

Tosem e 4l ot B3 o1 = smmmm Ao i szrmo Som 14,1 A1YA4 - /AC/\ € o IV 7 <0 "SUPUR SUpIES T I |
Ublﬂg HIC Stalludil WOIK up proceaure it was lbUl'dl.CU U.1449 (£470) UL 4={0-nyuro yIIlCUlyl L~
norbomyl)-1-phenylthio-ethyl cyanide (34) as a colourless oil (the ratio of exo- an endo-isomers = 52 :
48). IR (neat, cm™): 3403, 2237, 2000-1800, 749, 692; '"H-NMR (200 MHz) &: 0.50-0.70 (m, 1H), 0.80-2.00
(m, 8H), 2.00-2.30 (m, 3H) 3.55-3.80 (m 3H), 7.34-7.46 (m, 3H), 7.58-7.67 (m, 2H). "“C-NMR (50

MHz) §: 134.64,130.51, 129.56, 129.51, 119.53, 63.80, 63 65,42.61, 42.43, 42.15, 41.57, 38.40, 38.29, 38.20,
37.98, 36.91, 36.76, 36.67, 35.83, 35.74, 31.97, 31.74, 31.54 (a mixture of two isomers). MS: 288 (M + 1),
270 [(M+1)-H,0], 161.

pugy 8 PRSTERRY BY s W5 Y5 o NP £o TVGRSUSRRS | WY SRS et [ S . Y s N b P | PO, & U R [PV - 4L
bOlUllUIl OL U.OY4 g (4 IMINOL) 01 IFpentyl benscnesu n4aic dnd v.Zlil g (4 mim 1) O1 acC leﬂllIllC m uc
presence of 0.174 g ((0.3 mmol) of hexabutylditin in 40 ml of benzene was irradiated during 15 and

from the reaction mixture was isolated 0.12 g (24%) of 1-phenyltho-3-methyl-6-hydroxyhexyl cyanide
38 as a colourless liquid. IR (neat, cm™): 3399, 2237, 2000-1800, 751, 692; '"H-NMR (200 MHz) &: 0.96
and 0.97 (d, 3H, J, = J, = 6.4 Hz), 1.10-2.00 (m, 7H), 3.64 (t, 2H, J = 6.2 Hz), 3.70-3.80 (m, 1H), 7.34-7.46
(m, 3H), 7.58-7.66 (m, 2H) (55 : 45 mixture of two diastereoisomer determined by *C NMR); “C-NMR
(50 MHz) &: 134.66, 134.60, 130.55, 129.56, 129.45, 119.24, 62.82, 39.40, 39.17,35.25, 35.16, 32.63, 31.90,
30.81, 30.37, 29.72, 29.63, 19.09, 18.76. MS: 250 (M + 1), 232 [(M+1)-H,0], 123.
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