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Abstract: The [2+2] Photocycloaddition of different cyclic enones to (5R)-5-menthyloxy-2[5H]-
furanone is investigated. The diastercoselectivity relative to the chiral acetal centre and the regio and
the exo/endo ratios of the products have been determined. By variation of the structure of cyclic
enones, the diastereoselectivity could be optimised to 9/1. The results lead to the conclusion that the
photochemically excited cyclopentenone transier its encrgy to the (5R)-5-menthyloxy-2{5H]-furanone,
The subsequent reaction of the excited furanone with cyclopentenone in its ground state is less
stereosclective, as already observed. However, cyclic enones which furnish mixed adducts with (5R)-5-

menthyioxy-2[5H]-furanone with high facial diastercoselectivity, react in their T, state. © 1998

Fisevier Science Lid, All rlohtc reserved.
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The 2421 nhotocvcloaddition has been frpmmnt!v polied to oreanic svnthesis' Particular attention has

T'he {2+2] photoc ycloaddition has been frequent y applied to organic synthesis . Particular attention has
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mechanism as well as the regio, exo/endo and diastereoselectivity of this reaction.™ Most frequently, the

reaction was carried out with cyclic enones. In this context, the triplet sensitised [2+2] photocycloaddition of
ethylene to (SR)-5-menthyloxy-2[SH]-furanone 1 and other S-alkyloxy-2[SH]-furanones (Scheme 1) has been
studied.®” A remarkable influence of the achiral substituent R at B position on the diastereoselectivity, has been

observed.
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Scheme 1: Diastereoselectivity of the photochemical [2+2] cycloaddition of ethylene to different 5-alkyloxy-
2[5H]-furanones.

5-Alkoxy-2[SH]-furanones can be electronically excited by absorption of photons or most commonly by
sensitisation (Scheme 2). The photochemical reaction proceeds from the *mm* state. A triplet exciplex
generated,” in the first step with the alkene, reacts towards more stable 1,4 biradicals or returns to the
substrates in their ground state. The biradical intermediates have also two possibilities to react. Either they
form the final products (cyclobutanes) or dissociate to furnish the starting compounds in the ground state.
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Scheme 2: Mechanism of the photosensitized [2+2] cycloaddition of ethylene to S-alkoxy-2[SH]furanones
In the case of simple cyclic enones (eg. cyclopentenone, cycloh ne) reacting with substituted

W 0 erved regioselectivity. The
interpretation was essentially justified by trapping of different 1,4 biradical intermediates by H,Se.* A different
regioselectivity was observed for the cycloadducts and the trapping products.

In order to get information on the diastereoselection of the photocycloaddition of ethylene and 5-
7

diastereoisomeric ratio was also found to be influenced significantly by substituents at the § position (Scheme
1). It has been concluded that the diastereoselectivity is predominantly generated during the formation of 1,4

adicals. Therefore, the diastereoselection is governed by the structure of the vibrationally relaxed *mm*
excited sate of furanones. The structure of the *nn* sate is different from the structure in the ground state,
since the electrons of the m bond between the a and the B carbon are partially deconjugated with formation of

an oxoallyl radical and an alkyl radical moiety (Scheme 3). The influence of the acetal centre is diminished,

while the achiral substituent R gains influence.’
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Scheme 3: *rnn* excited and vibrationally relaxed furanones have diradical structure.



t to addition reactions of 1 in the ground state which are known to proceed
diastereospecifically with respect to the chiral acetal centre, products of the photochemical [2+2] cycloaddition
were obtained with moderate or low diastereoselectivity.

For example, the addition of photochemically generated symmetric ketyl radicals to 1 is completely

diastereoselective (Scheme 4).® The same diastereoselectivity was observed for other ground state reactions of
l 9
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Scheme 4: Photochemical induced radical addition of alcohols to (5R)-5-menthyloxy-2[SH]-furanone 1.

The observation that cycloaddition reactions of S-alkyloxy-2[SH]-furanones from its *mn* excited state
are less diastereoselective while the addition of radical species to these furanones in its ground state are

diastereospecific led us to the hypothesis that cycloaddition of photochemical excited cycloenones to (SR)-5-

photochemically excited and vibrationally relaxed cyclenones have essentially free radical properties.
In agreement with this idea, several examples are known, where the [2+2] photocycloaddition of *nr*
excited enones to alkenes are highly diastereoselective with respect to a chiral centre adjacent to the olefinic

bond."

Cycloenones like cyclopentenone having their lowest absorption bands at lower energies than
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all\y IUAJ 1UI AlIVIIVY, wvall Uy VAVILVA Dvivwli vl A0 L yl WoviIVE Ul UL QIIVIIVO. UL LIV Jdilliv Twvaouil, v u ll.ll\dl.

energies of cyclic enones were expected to range below the corresponding energies of aikoxyfuranones.

Therefore, sensitisation of the furanones by the cyclic enones should not be an important process.

Results and Discussion

We started our investigation with the irradiation of cyclopentenone at A = 366 nm, in acetonitrile, in the

4

presence of (5R)-5-menthyloxy-2[SH]-furanone 1 (Scheme 5, Table: run 1). Irradiation at this wavelength
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stereoisomers of mixed adducts of 1 and cyclopentenone were formed in equal quantity. Contrary to our initial
estimation, no facial stereoselectivity ((2a + 2b) : (2¢ + 2d) = 1 ; 1) was obtained. Interestingly, an important
regioselectivity ((2a + 2¢) : (2b + 2d) = 8 : 1) was observed, when the reaction was carried out in »-hexane as

solvent (run 2). The formation of the less polar regiocisomers 2a and 2¢ is favoured by the low polarity of this



vent. No endo-cycloadducts could be detected in the reaction mixture and small amounts of cyclopentenone
dimers (5 %) were also isolated.

The absence of facial selectivity in the approach of cyclopentenone to the chiral furanone might indicate
that an energy transfer between the *nr* excited state of cyclopentenone to the chiral furanone 1 was involved
as indicated in Scheme 6. The cycloaddition process would implicate the triplet excited state of 1 and

cyclopentenone in its ground state to generate the 1,4 diradical intermediates. In the T, state of 1 the (C-C)-n

p..

bond has been cleaved to generate a diradical species (Scheme 3). The considerabie modification of the

structure has direct implications on the steric side differentiation caused by the 5-alkoxy substituent in the
neighbourhood of the reaction centre (for details see ref ). Even a two step or multi step selection process, as

3.11

it has been discussed in the literature for this kind of reactions,”” cannot improve the stereoselectivity

significantly. The product ratios of the regio isomers and the exo/endo isomers are also in accordance with
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dlfferent stereoisomers

f cyclic enones to 1 providing different stereoisomers of

Based on the fact that furanones (o,B-unsaturated lactones) have higher singlet excitation
energies, it has been assumed previously that the corresponding triplet energies should aiso be higher than those
of the enones. However, recent theoretic treatments of the problem leads to the conclusion that the triplet
energy of the furanone and the cyclic enones are rather comparable.'” Further on, it has been shown that energy

transfer from the photochemical excited enone to an alkyne is also possible. "

In order to avoid such an energy transfer from the excited enone, we anticipated that an easier
Aofrermiotinn Aftha avnitad amnma ar am incranca Af tha alacteanhilic charantar Af tha anana chanild dacranca tha
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energy level of the corresponding *mn* excited state and the energy transfer would become unfavourable.
Irradiation in the same conditions at A = 366 nm, in acetonitrile and in the presence of 1,

cyclohexenone, cycloheptenone and cyclooctenone gave no mixed cycloadducts (Table, runs 3 - 5).

Cyclodimers of the cycloenone, which were efficiently formed, were the only new isolable products from the

reaction. The high yields of cyclodimers indicates that the triplet excited state of these enones has been

e diiand N Ao Aan
ProduLcd. viuiel vl € enicient aca
via the ground state of the trans configuration of cyclooctenone, which is known to react with cis

cyclooctenone).



Table: Results of the [2+2] photocycloaddition in acetonitrile of cyclic enones to (5R)-5-menthyloxy-2[SH]-

1Lyl

furanone 1.
Run Enonf\ Ny WVinld [« Y G PSSP S I ~.1
LoV Ti€ila OLTUCIUTE {reiatve quantity) viner
(%) (%) nraducts fuiald)
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1 % 90 47 cyclodimers
/ 0, 0 (3%)
n=1 RO H H R*0 H H
2a 1) 2b (1)
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2e(l) 2d (i)
2" =1 100 50 2a (8), 2b (1), 2¢ (8), 2d (1) cyclod. (6%)
3 =2 40 80 - cyclod.
4 =3 100 90 - cyclod.
5 n=4 100 80 - cyclod.
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R*OH = (-)-menthol. * Based on the conversion. ” This reaction was carried out in #-hexane as solvent. “The
reaction was also carried out at A =350 nm. The results are comparable.
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Scheme 6: Proposed mechanism for the {2+2] ph
en

2[5H]-furanone 1 which includes an t

ergy transfer from the excited enone to 1.
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Of particular interest was the absence of mixed cycloadducts from 1 and cyclohexenone. When this
enone was replaced by the more hindered isophorone in the reaction mixture, there was a dramatic change:
uld not be detected; mixed cycloadducts with 1 are formed with high facial
selectivity ((2e + 2f + 2g) : 2h = 82 : 18), favouring an approach of the enone anti to the menthyloxy group of
the furanone; an endo product 2f was also isolated (run 6). This facial selectivity can hardly be attributed to a
cycloaddition of the excited furanone 1* to isophorone. In this case it would be difficult to explain why 1* is
adding to isophorone and not on the corresponding and less hindered cyclohexenone or to the furanone 1 in its

oround state. The formation of furanone dimers had been observed as a side reaction in the photosensitized

14 . . .. e
cycloaddition of ethylene." The high facial selectivity is also similar to the previous results reported for the
reaction of chiral cyclopentenes with excited enones. Finally, formation of a mixture of exo and endo

cycloadducts probably reflects the increased steric hindrance in the B position of the excited isophorone as

compared with non substituted enones."”
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was expected to have a lower triplet energy than cyclopentenone (Tabie, run 7). In

1

agreement with this expectation, when 3 was irradiated in the presence of 1, a mixture of six mixed
cycloadducts could be isolated (run 7). As for isophorone, the facial selectivity favouring an anti approach
relatively to the menthyloxy group of the chiral furanone, was high ((2i + 21 + 2m + 2n) : (2j + 2k) = 9:1).
Here again, the appearance of significant amounts of endo cycloadducts 2m, 2n can be attributed to the steric

hindrance of the large carboxymethyl group on 3*. No adducts similar to 2k and 2n could be observed in the

tian af 1 A meaanto PSRRI
tionof 1w € preveiiiea oy ine steric enect o

~L L " <
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the methyl group in

the 3 position.
Finally, 5,5-dimethylcyclopent-2-ene-1,4-dione 4 and 2-methylindenone 5 (Scheme 7) did not furnish
mixed cycloadducts when irradiated in the same conditions and only degradation of these products could be

detected, although 4 and S should have lower triplet energies than 1 due to the substitution with electronically

active grouns.
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The assignment of the syi/anti isomers with respect to the menthvio a4
The assignment of the syn/anti isomers with respect to the menthyloxy substituent was essentially based

on the coupling constant of the acetalic centre with the proton in position 4. In the case of the anti isomers 2c,
2d, 2e, 2f, 2g, 2i, 21, 2m and 2n, small or no coupling is observed while important coupling constants are
measured for the same protons of the syn isomers 2a, 2b, 2h, 2j and 2k.”" The assignment of the regio and the

exo/endo isomers was based on nOe measurements (Scheme 8).

Conclusion

[2+2] Photocycloadditon of (5R)-5-menthyloxy-2[SH]-furanone 1 can be carried out with a number of

cyclic enones. The diastereoselectivity observed in these reactions indicates an energy transfer from the triplet

cyclobutanes without facial diastereoselectivity. The best values for facial selectivity (1/8 and1/9) are obtained
when 1 was irradiated with isophorone and the enone ester 3. In these cases energy transfer from the *mm*
excited enone to 1 becomes unefficient. High facial diastereoselectivity in the [2+2] photocycloaddition of
cyclic enones to (5R)-5-menthyloxy-2[SH]-furanone 1 is obtained only if 1 reacts from its ground state, while

is
low diastereoselectivity is observed when 1 reacts at its T, state via sensitisation.
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Scheme 8: Nuclear Overhouser effects detected in the mixed [2+2] cycloadducts 2.

Experimental Section

General Remarks: Melting points have been determined with a Buichi apparatus. IR spectra were recorded as
KBr pellet or as film on a Spectrafile IR™ Plus MIDAC. Mass spectra were recorded on a JEOL D-300
spectrometer. Microanalyses were performed by the analytical department of the UFR Sciences of the
Université de Reims. NMR data were recorded at 250 MHz for 'H and at 62 MHz for “C on a Bruker

spectrometer. CDCl; was used as solvent. Chemical shifts are reported in ppm relative to TMS. Coupling

el 2 SEFpYSYYYE S oproTt T ETE



constants are denoted in Hz. Optical rotation values were obtained from a Pelkin-Elmer 241 spectrometer using
a sodium lamp at 589 nm and a mercury lamp at 578, 546, 436 and 365 nm in dichloromethane as solvent. The
(5R)-5-menthyloxy-2[5H]-furanone 1 was synthesized according to the procedure previously described.'” 2-
Carboxymethyl-4,4-dimethylcyclopent-2-en-1-one 3 has been prepared from dimedone.'®* Acetonitrile was
distilled on calcium hydride and n-hexane was distilled.

Irradiation of 1: A solution of 12 - 15 mmol of (5R)-5-menthyloxy-2{SH]-furanone (4.107 mol/L) and the 3 -
4 mmol of cyclic enone (107 mol/L) was irradiated at 350 nm (Rayonet, 30°C) or at 366 nm (Philips HPW
125W lamp, 20°C) durms 60 - 150 h. The solution was then evaporated and the resulting crude oil was purified
by flash chromatography (silca gel, ethylacetate / petroleum ether 1:5).
O u n Cyclobutane 2a: Yield: 103 mg.
| CioH204; M = 320.43; F = 87°C. IR: v = 2945, 2925,
. o 23 > Ns 2870, 2805, 1775, 1740, 1360, 1165, 1155, 1040,
v ' 54 < 17 R ;
w0 \g _© \ : 955, 910 cm™. MS (70 eV): m/z (%) = 320 (2.5, M),
g 0) 0 276 (0.3), 264 (0.3), 248 (1), 238 (1.8), 183 (7), 165
—f T (100), 139 (62), 95(41). Anal.: found: C 7098 F
91 / / 1 AN I> \ e \ J adhatnihad . » *
R 50 caleulated C 7122 H 221 'H NMR (CDCLY §
8' O.J 7, valvuiatvu o/ l.LL, 11 0.01 L1 INIVEIN \\/U\;l%}. v
=0.84(d,J =67 Hz, 3H, H8-H9"), 0951 {d, T =67

Hz, 3H, H8’-H9’), 0.94 (d, J = 7.6 Hz, 3H, H10°), 0.81-1.10 (m, 3H, H3 ax-H4 ax-H6’ax), 1.15-1.47 (m, 2H
H2’-H5), 1.58-1.73 (m, 2H, H3’eq-H4’eq), 2.03-2.20 (m, 3H, H6’eq-H7’-H4>), 2.22-2.36 (m, 1H, H4”),
2.44 (ddd, J = 19.4/8.7/3.8 Hz, 1H, H5""), 2.65 (ddd, J = 19.4/8.7/3.8 Hz, 1H, H5"*), 2.89 (td, J = 6.5/2.7 Hz,
IH, H4), 2.98 (dd, J = 6.5/3.6Hz, 1H, H2’*), 3.11 (m, 1H, H3""), 3.23 (m, 1H, H3), 3.64 (td, J = 10.7/4.2 Hz,
I1H, HI), 5.87(d, J = 6.5 Hz, 1H, H5) ppm. *C NMR (CDCL): & = 15.8 (C8-C9"), 20.9 (C8’-C9’), 22.2
(C10), 23.2 (C3°), 25.8 (C7’), 27.3 (C4™), 31.4 (C5°), 34.2 (C4’), 36.4 (C5™), 39.1 (C3”), 39.2 (C4), 39.6
(C6M), 41 9(C3),432 ((‘2”] 47. 7((‘2 \ 783 {("]’\ 100.0 (FS\ 1766(’(‘2\ 2]92(("1”\ ppm.

[an]?! = -74.0, [os7s]*! = -78.0, [otsas]? = -85.0, [otazs]* = -109.0, [atzes]*' = -20.0; (¢ = 0.98).

—

L %44 ||n

(,yaonutane 2b: Yieid: mg

w HH O M o

| 1 CioHz04; M = 320.43; F = 135°C. IR: v = 2955, 2925,

10 o 33 2"\ 5 2870, 2805, 1780, 1740, 1360, 1165, 1155, 1100, 940,
e\ 5 T i, 920em™. MS (70 eV): miz (%) = 320 (4.5, M"), 276 (0.7),
3 L O H H 261 (1.0), 249 (1.3), 235 (3.2), 206 (4), 183 (7), 165
7, L (100), 138 (62), 83 (52). Anal.: found: C 70.96, H 8.90;

calculated: C 71.22, H 8.81. '"H NMR (CDCl;): 8 = 0.85
(d, ] = 6.7 Hz, 3H, H8-H9’), 093 (d, ] = 7.2 Hz, 3H,

- Sixy AR0 TIRF V. T2 v L4,

H10’), 0.94 (d, J = 6.7 Hz, 3H, H8’-H9’), 0.83-1.10 (m, 3H, H3’ax-H4’ax-H6’ax), 1.19-1.47 (m, 2H, H2’-

vvvvvv 1' L TIIA A TY 1T YYD\

H5%), 1.62-1.75 (m, 2H, H3’eq-H4 eq), 1.88-2.09 (m, 3H, H6’eq-H4’ ), 2.19 (dsept, J =6.7/2.3 Hz, 1H, HT’),

2.34-2.71 (m, 2H, HS”), 2.75 (d, ] = 6.1 Hz, 1H, H2"’), 2.88 (td, J = 6.5/5.3 Hz, 1H, H4), 2.94 (dd, J =
6.5/2.3 Hz, 1H, H3), 3.54 (m, 1H, H3""), 3.64 (td, J = 10.7/4.2 Hz, 1H, H1’), 5.80 (d, J = 5.3 Hz, 1H, HS5)



< D Pt
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ppm. “C NMR (CDCls): § = 15.9 (C8'-C9), 20.9 (C8’
31.4 (C5’), 33.7 (C37), 34.3 (C4’), 35.6 (C5™"), 40.0
78.7 (C1’), 101.0 (C5), 174.9 (C2), 217.4 (C1”’) ppm.

[on)! = -254.0, [ots7s)> = -270.1, [osas]*' = -315.3, [owss]™' = -625.1, [otses]* = -1270.1, (c=1.01).

-C9’), 22.2 (C10°), 23.2 (C3’), 25.7 (CT"), 26.8 (C4”),
(C6), 40.5 (C4), 42.6 (C3), 45.7 (C2™), 47.8 (C2")

>

O 4 H Cyclobutane 2¢: Yield: 105 mg.
W ¥ ¥ 4 CiHuOs M=32043; F = 159°C. IR: v = 3000, 2960,
1’ o 23 ’2/\ 2930, 2875, 1780, 1740, 1360, 1170, 1145, 1100, 925
I 6' 54 1" l" b 2 2 2 ) 2 ’ ? b ?
A=\ hagt \ 910 cm™. MS (70 eV): mz (%) = 320 (0.2, M), 261
21 = z
3 O H H §{  (01), 248 (0.3), 238 (0.7), 206 (2.1), 165 (41), 138
- 1 = e o~ A=
lgj P (47), 83 (100). Anal.: found: C 7097, H 8.95;

calculated: C 71.22, H 8.81. "H NMR (CDCl;): 8 = 0.76
(d, J=7.2Hz 3H,H10’), 0.83 (d, ] = 6.9 Hz, 3H, H8’-
H9), 0.92 (d, J = 6.9 Hz, 3H, H8°-H9’), 0.83-1.16 (m, 3H, H3 ax-H4’ax-H6’ax), 1.22-1.73 (m, 4H, H2'-
H3’eq-H4’eq-H5"), 1.99 (dsept, J = 6.9/2.3 Hz, 1H, H7’), 2.22-2.30 (m, 2H, H6’eq-H4™), 233 (d, J =
14.9/6.2 Hz, 1H, H4™), 2.45 (dd, ] = 9.0/6.3 Hz, 1H, H5"), 2.65 (dd, J = 9.0/6.3 Hz, 1H, H5""), 2.78 (m, 2H,
H3-H2”), 3.04 (m, 2H, H4-H3"), 3.58 (td, ] = 10.7/4.2, 1H, HI"), 5.67(s, 1H, H5) ppm. °C NMR (CDCl;): &

= 18 £ (CV_CQ°Y INT (OO 222 (C10°) 231 {C3I\ 254 (C7°Y 26 6 {(CA)Y 31 5 (CS5) 340 (CAN
1J.U\O "7 J, LU 7 \WO T 7§, Ll & WLV ), LT 1 \WT g, LT\ fy LV (VT )y JLLD (WY g, T (VT
- EEAY “ 21 ~ VO Q LN AAT LI AL A DN AT T IO TELE QY 1Y 1N Q RN
i )s /. 27.0 (LU}, 49.7 (LJ), 40V.9 (L& ), 477 (L& ), 7U.0 (V1 ), 1VL T (L),

Cyclobutane 2d: Yield: 98 mg.

?\ H H 9 CoHyOu M =32043; F = 112°C. IR: v = 2960, 2920,

‘ SIT—iN . 2870, 1770, 1720, 1455, 1390, 1355, 1130, 930 cm™.

. B s 6 O\\;‘: 3" " MS (70 eV): miz (%) = 320 (0.9, M), 261 (2.1), 238
M 0 G a Y (37),22004), 206 (21), 183 (11), 165 (100), 138 (47),
2 7 I 81 (45). Anal: found: C 7093, H 8.64; calculated: C
9]\’" 71.22, H8.81. "H NMR (CDCl:): 8 =0.76 (d, J = 6.9 Hz,

3H, H8’-H9"), 0.85 (d, J = 6.9 Hz, 3H, H8’-H9’), 0.93

(d, J = 7.6Hz, 3H, H10’), 0.81-1.17 (m, 3H, H3’ax-H4’ax-H6’ax), 1.22-1.47 (m, 2H, H2’-H5’), 1.68-1.73 (m,
2H, H3’eq-H4’eq), 1.97 (dsept, J = 6.9/2.3 Hz, 1H, H7’), 2.06-2.09 (m, 1H, H6’eq), 2.22-2.34 (m, 2H, H4™),
2.44 (ddd, J = 19.7/7.6/3.4 Hz, 1H, H5""), 2.63 (ddd, J = 19.7/11.8/9.5 Hz, 1H, H5"), 2.79 (m, 2H, H3-H2""),
3.04 (m, 2H, H4-H3""), 3.58 (td, ] = 10.7/4.2 Hz, 1H, HI") 5.63 (s, 1H; HS) ppm. *C NMR (CDCL): = 15.8
(C8-C9’), 20.7 (C8’-CY’), 22.1 (C10%), 23.2 (C3’), 25.5 (CT’), 26.9 (C4”), 31.7 (C5°), 34.0 (C4), 35.6
(C5”), 37.9 (C3™), 38.1 (C4), 39.9 (C6), 44.1 (C3), 46.1 (C2”), 47.6 (C2’), 77.2 (CI’), 101.6 (C5), 177.5

(Y 214 Q (( Y nnm
\\_/‘}’ e ANT. 7 \\/l } }I}Jlll.
re 21— aaana Ty o121 e A21 1 e 1Pl 2062 Trr . 11— 2911 v Pl= 262 1 fo=1 0N
D] — L4V, (U578 ] Lo 1.1, |WR536] “&0V.J, |U436] JLlt, [LX365) SUL. 1, \VT1.VUl).



Cyclobutane 2e: Yield. 82 mg.

Q\ H Me ;n  CuHiOyg M =376.59; F = 128°C. IR: v = 2960, 2920,

\ 35 S 2870, 1770, 1720, 1455, 1390, 1355, 1130, 900 cm™.

19 R 2. | 7 MS (70 eV): miz (%) = 377 (0.3, M"), 318 (0.3), 277

4 3 21 YT (19), 221 (36), 191 (42), 139 (100), 109 (55), 81 (85).
N3~ -0 H 2 f Anal. found: C 73.08, H 9.67; calculated: C 73.35, H
7'9]\8. r 9.66. '"H NMR (CDCls): & = 0.83 (d, J = 6.9 Hz, 3H,

H8’-H9’), 0.88 (d, J = 6.9 Hz, 3H, H8"-H9’), 0.92 (d, J
= 7.6 Hz, 3H, H10’), 0.81-1.22 (m, 3H, H3’ax-H4’ax-H6’ax), 1.12 (s, 3H, H8"-H9""), 1.20 (s, 3H, H7""),
1.21 (s, 3H, H8”-H9”), 1.20-1.45 (m, 2H, H2’-HS’), 1.58 (d, J = 13.4 Hz, 1H, H4”), 1.59-1.69 (m, 2H,
H3’eq-H4’eq), 2.02 (d, J = 13.4 Hz, 1H; H4"), 2.04-2.15 (m, 2H, H6’eq-H7"), 2.33 (m, 2H, H6”), 2.90 (dd, J
=3.4/1.7 Hz, 1H, H2""), 3.43-3.50 (m, 2H, H4-H3), 3.59(td, ] = 10.7/4.2 Hz, 1H, HI’), 5.74 (dd, J = 3.0/1.7
Hz, 1H, HS) ppm. “C NMR (CDCL): & = 16.3 (C8-C9’), 20.7 (C8’-C9’), 22.2 (C10%), 2
(CT° \ 261 (( 7y, 314 l(“ﬁ ), 333 ({‘5 ), 342 (C4 \ 350 (CR°-C9> )’ 35.7 (Cg”-cg”\

7> i LET I AR G S

S 12
I ~ A .o/
(C4), 42.6 (C37), 45.3 (C4”), 47.6 (C2’), 49.0 (C3), 51.8 (C2’"), 52.5 (C6™), 78.3 (C1°), 99.8 (C5), 173.0

(Y 20A D ({177 ;v
\\_/L” LNITY L \\/1 } Pylll.
Fe 121 _ v T 121 172 2 Tre Rl 1064 T - 121 2040 T 121 2840 7han Q&N
1D -1606.6, |Os7s] -175.5, [Ols6] -170.0, {Ol36 -3U4. Y, [Olass | -334.9, {(T+U.Y0)
o 7" Cyclobutane 2f: Yield: 158 mg
w H Me 4 82" CHuwOs M = 37659 F = 109°C. IR: v = 2920
H = 4 el Z3NA3IHNS 4, AVE JiNv.U7, & RV U ¥\ O 4 P PAVE
».\: Y P 2Q6N 172N 140K 1448 124N 1000 02N ~ml wAC
r 2 3 b 5" 9" LOUV, 170U, 170, 17UVJ, 137U, lUjU, Z2U Llil . 1ViOD
10' O g4 b [\ Ve I WA TANP Y VAR L L IV R ¥ UG VO WA RNNE T 1o W & AN, 1o 7o
5 6 32 1" _Jgn (/0eV) mz{Ve)=377{4, M j, 362 (1), 332 (3), 279
4 : z
> L (4), 221 (60), 140 (55), 139 (63), 83 (41), 69 (69), 55
3'A /O m TR WaVaSN 1 o 1, N e Y A o I Y e
7 0 U (1UU), Anal.. ound: C /3.U4, 11 Y./%, Calcuiated: C
P . o e s
gl 8 /3.35, H9.66. c0=0./5(,)J =69

’), 0.85 (d, J = 6.9 Hz, 3H, H8’-H9’),
0.89 (s, 3H, H8"’-H9"), 0.92 (d, J = 7.6 Hz, 3H, H10’), 1.00 (s, 3H, H8”’-H9’"), 0.74-1.07 (m, 3H, H3’ax-
H4’ax-H6’ax), 1.27-1.47 (m, 4H, H2°-H5°-H4™), 1.52 (s, 3H, H7""), 1.57-1.69 (m, 2H, H3’eq-H4’eq), 1.89-
2.01 (m, 2H, H6’eq-H7), 2.07 (d, J = 18.0 Hz, 1H, H6”), 2.22 (d, J = 18.0 Hz, 1H, H6”), 2.72 (dd, J =
11.1/1.5 Hz, 1H, H4), 2.93 (dd, J = 6.9/2.5 Hz, 1H, H2""), 3.23 (dd, J = 11.1/1.5 Hz, 1H, H3), 3.46 (td, ] =
10.7/4.2 Hz, 1H, HI’), 5.50 (s, 1H, HS) ppm. “C NMR (CDCly): 8 = 15.5 (C8’-C9’), 20.8 (C8°-C9’), 22.1
(C10°), 23.1 (C3"), 25.3 (C7’), 27.4 (C8’-C9™), 31.1 (C8°-C9™"), 31.4 (C5°), 32.2 (C5™), 32.9 (C7”), 34.2
(C4%), 39.3 (C3”°), 39.5 (C4), 39.9 (C6), 42.9 (C4”’), 47.7 (C2’), 48.8 (C3), 49.4 (C2*), 53.5 (C6”"), 76.9
(C1°), 100.4 (C5), 176.4 (C2), 212.4 (C1”’) ppm.

[on]? = +50.0, [ots7s]”" = +52.2, [isas)” = +64.4, [oas)™ = +162.2, [oz65]”' = +471 8, (c=1.01).

~ 0 Cyclobutane 2g: Yield: 119 mg.
O O

}\\Ié H C:Hi0s, M = 376.59; F = 114°C. IR: v = 2960,
o 237 2" ™6 2920, 2870, 1780, 1705, 1455, 1340, 1290, 1155,

0' " '
]\ o O \s 4 3" 5 1000 1040 030 cm™t MS (70 eVY: mi/z (04) = 377 (4
4‘NL/\ \-/ ‘\/\\8" I\II\I’ l\l"\l’ S oI\ Wwiil Aving \I\I \J'I TE8 b \Illl s T \'T,
2 —'- -:' - o AN a A NEQ 1 &N\ IAIN LT NN NET Y &N 20 IO\ sls B |
3 e O H Me = 9" Vi ), 320 (1.0), 32U (1.4), 401 \1.0), 437 (7)), 44l
7 ik ™ (92), 194 (72), 139 (67), 83 (100). Anal.: found: C

g 73.16, H 9.57, calculated: C 73.35, H 9.66. 'H NMR



4384 S B

(CDCly): 8 = 0.76 (d, J = 6.9 Hz, 3H, H8’-H9’), 0.85 (‘ J = 6.9 Hz, 3H, H8-H9"), 0.94 (d, J = 7.6 Hz, 3H,
H10°), 0.74-1.02 (m, 3H, H3"ax-H4’ax-H6’ax), 1.07 (s, 3H, H8”-H9”), 1.08 (s, 3H, H8”-H9"), 138 (s, 3H,

H7’), 1.29-1.49 (m, 2H, H2’-H5"), 1.55 (d, J = 14.5 Hz, lH, H4’’), 1.53-1.70 (m, 2H, H3’eq-H4’eq), 1.75 (d,
J = 14.5 Hz, 1H, H4>"), 1.90-2.17 (m, 2H, H6’eq-H7"), 2.23 (m, 2H, H6"), 2.57 (dd, ] = 3.6/1.3 Hz, 1H,
H2’’), 2.78 (dd, J = 7.8/1.3 Hz, 1H, H3), 3.31 (dd, J = 7.8/3.6 Hz, 1H, H4), 3.54 (td, J = 10.7/4.2 Hz, 1H,
H1’), 5.62 (s, 1H, HS) ppm. *C NMR (CDCly): & = 15.6 (C8°-C9’), 20.7 (C8’-C9’), 22.2 (C10°), 23.1 (C3"),

253 (C7), 262 (C7), 28.7 (C8-C9”"), 31.3 (C5’), 31.6 (C87-C9™"), 34.2 (C4"), 35.3 (C5”), 37.6 (C4),
39.7 (C6), 40.6 (C37), 47.7 (C2), 49.1 (C3), 49 8 (C4™*), 51.9 (C2”), 52.5 (C6™), 76.3 (C1°), 100.0 (C5),
177.7(C2), 209.9 (C1”) ppm.

[ap]® =-67.7, [ots18]" = -69.2, [atsas]™ = -77.7, [tazs]™ = -114.1, [ota65]*" = -110.5, (c=0.99).
) o I\;le . o Cyclobutane 2h: Yield: 80 mg.
Ve " CuH04 M = 376.59; F = 121°C. IR: v = 2960,
10 0 B3 ST 2015, 2875, 1780, 1710, 1455, 1335, 1290, 1160,
4 S~ T N 1100, 1045, 925 cm. MS (70 €V): mz (%) = 377
3 0 H H g (0.9, M"), 358 (2), 332 (2), 251 (1.5), 239 (13), 221
7‘9, o ! (78), 194 (62), 139 (100). Anal.: found: C 73.19, H
9.61; calculated: C 73.35, H 9.66. '"H NMR (CDCL):
5= 0.83 (d, ] = 6.9 Hz, 3H, H8’-H9"), 0.87 (d, J = 6.9 Hz, 3H; H8’-H9’), 0.88 (s, 3H, H8>-H9™*), 0.89 (d, ] =
7.2 Hz, 3H, H10), 0.78-1.09 (m, 3H, H3’ax—H4’ax-H6’ax), 04 (s, 3H, H8”’-H9”’), 1.18-1.44 (m, 2H, H2’-

HS5’), 1.46 (s, 3H, H7"), 1.52-1.72 (m, 3H, H3’eq-H4’eq-H4’"), 1.83-1.95 (m, 1H, H6’eq), 1.96 (d, J = 14.1
Hz, 1H, H4’’), 2.07-2.22 (m, 1H, H7"), 2.09 (d, J = 16.8 Hz, 1H, H6™*), 2.67 (d, J = 16.8 Hz, 1H, H6"*), 2.80
(d, J=3.1Hz, 1H, H2”), 2.93 (d, ] = 8.7 Hz, 1H, H3), 3.41-3.69 (m, 2H, H1’-H4), 5.73 (d, J = 7.2 Hz, 1H,
H5) ppm. C NMR (CDCly): & = 15.3 (C8°-C9’), 21.0 (C8°-C9’), 22.0 (C10°), 22.5 (C3°), 25.3 (CT’), 27.7
(CT), 30.6 (C87°-C9”), 31.4 (C5”), 31.9 (C8-C9”), 32.9 (C5°), 33.4 (C4), 33.8 (C4"), 37.0 (C3”), 40.3
(C6), 43.0 (C4>), 46.7 (C3), 48.0 (C2’), 50.8 (C6™), 53.3 (C27), 81.8 (C1°), 104.0 (C5), 175.1 (C2), 211.1

(C1”) ppm
Fre 12 = 767 Trvoo12l = Q0D T 12V = 1072 v 121 = 217207 Ty 12 = _141 & (=0 OO\
1835 1O, X578 ) 07 .4, |(R346] 1V 7.5, 1436 ) 147,35, [W363 13L.J,\VTVU.TT).
0. ¢ OMeT Cyclobutane 2i: Yield: 275 mg.
0 7 0 C2H3,06; M = 406.23. TR: v = 2945, 2870, 1710, 1630,
“ H h- <
\)\ J[lu 1320, 1240, 1110, 1030, 935 cm™. MS (70 eV): m=z
- o z v (%) = 406 (7, M"), 323 (35), 269 (31), 251 (100), 224
s \s % . 4 (51), 192 (72), 139 (97). Anal.: found: C 67.71, H 8.56;
N2\ I Y 1
L 0 H H calculated: C 67.94, H 8.43. 'H NMR (CDCl;): § =0.73
TR g
7"8'1 (d T—ﬁQH? ?H HS’-HQ\()RA(d J =69 Hz, ?H
4 H8’-H9’), 0.93 (d, ] = 7.6 Hz, 3H, H10°), 0.69-1.01 (m,
3H, H3 ax-H4’ax-H6’ax), 1.05-1.45 (m, 2H, H2'-H5’), 1.16 (s, 3H, H8’-H9"), 1.25 (s, 3H, H8"-H9"),
1.58-1.72 (m, 2H, H3’eq-H4’eq), 1.88-2.09 (m, 2H, H6’eq-HT’), 2.28 (d, J = 16.9 Hz, 1H, H5""), 2.58 (d, J =
16.9 Hz, 1H, H5"), 2.80 (dd, ] = 6.7/4.3 Hz, 1H, H4), 2.92 (d, ] = 6.7 Hz, 1H, H3), 3.57 (td, J = 10.2/4.6 Hz,



IH, HI"), 3.72 (m, 1H, H3”), 3.73 (s, 3H, H7"), 5.55 (s, 1H, H5) ppm. "*C NMR (CDCl): & = 15.5 (C8’-
€9’), 20.7 (C8'-C9’), 22.2 (C10°), 22.8 (C87-C9”), 23.1 (C3’), 25.4 (CT’), 27.5 (C8”-C9”), 31.3 (C5"), 34.2
(C4), 36.2 (C4™), 38.6 (C4), 39.7 (C6’), 41.1 (C3), 47.6 (C2’), 52.4 (C5™), 52.7 (C3""), 57.7 (CT"), 58.7

(C27), 76.7 (C17), 102.7 (CS), 166.6 (C6’*), 173.0 (C2), 203.7 (C1°*) ppm.
[op]*! = -18.1, [as7s]! = -17.6, [asas]* = -17.6, [ozs]”' = -1.7, [0l365) = +93.2, (c=0.98),

0 g 8 Cyclobutane 2j: Yield: 43 mg.
\ H [ o CuHy06, M = 406.23. TR: v = 2945, 2870, 1750,
~ 3 73" 4 1710 1450 1240 1215 1075 080 cm! MQ (70 aV)-
10' l U 4 o l" LV, LTJV, LJTV, 1417, 1V&Ls, 7JV Uil . VIO \/V VY ).
4 5 O \2 : m/z (%) = 406 (1.5, M"), 357 (3), 269 (43), 251 (94),
g 2 o H_A40 237 (51), 138 (100). Anal.: found: C 67.81, H 8.30;

. Me() 6"
e Dt calculated: C 67.94, H 8.43. 'H NMR (CDCl;): &

9 0.76 (d, J = 6.9 Hz, 3H, H8’-H9’), 0.81 (d, ] = 6.9 Hz,

3H, H8-H9’), 0.85 (d, J = 7.6 Hz, 3H, H10’), 0.72-1.02 (m, 3H, H3’ax-H4’ax-H6’ax), 1.07-1.48 (m, 2H,
H2’-HS’), 1.18 (s, 3H, H8’-H9’*), 1.23 (s, 3H, H8’-H9”’), 1.60-1.75 (m, 2H, H3’eq-H4’eq), 2.02-2.15 (m,
2H, H6’eq-H7’), 2.23 (d, J = 18.7 Hz, 1H, H5”’), 2.55 (d, ) = 18.7 Hz, 1H, H5"), 292 (dd, J = 7.6/6.1 Hz,
1H, H3), 3.12 (dd, J = 7.6/6.9 Hz, 1H, H4), 3.23 (d, J = 6.1 Hz, 1H, H3”’), 3.57 (td, J = 10.2/4.6 Hz, 1H,

H1’),3.71 (s, 3H, H7”*), 5.93 (d, ] = 6.9 Hz, 1H, H5) ppm. "C NMR (CDC! )8 =157 (C8&-C9), 20.7 (C8’-
C9%), 22.1 (C10°), 22.5 (C87-C9™), 23.0 (C37), 25.3 (C7’), 29.5 (C87-C9™), 31.3 (C5), 34.1 (C4’), 385
(C4), 39.6 (C6), 40.2 (C4), 41.2 (C3), 47.5 (C2"), 58.6 (C5™"), 60.2 (C7""), 76.6 (C1°), 78.9 (C3”"), 90.3
(C27), 1026 (C5), 1508 (C67), 173.0(C2), 2037 (C1”) ppm.
[op]?! = -126.5, [os7s]* = -133.3, [Qtsas]** = -146.2, [0laze]* = -208.3, [otaes]* = -184.0, (c=1.02)
Cyclobutane 2k: Yield: 41 mg.
0.6 PMeT  CuHLOs M = 406.23. IR v = 2945, 2870, 1750,
N BHY ) 1720, 1450, 1290, 1215, 1025, 925 cm™. MS (70 eV):
3 : =7 m/z (%) = 406 (2.7, M'), 321 (2.7), 251 (79), 234
1 ERRY ¥4/ (39), 192 (100), 136 (48). Anal: found: C 67.62, H
G b TR 8.15; calculated: C 67.94, H 8.43. 'H NMR (CDCL): 6
3D -0 0T LY 2 086(d, ) =69 He, 3H, HE-HY"), 0.93 (d, J = 6.9
7'(}\3. ! Hz, 3H, H8-H9"), 0.94 (d, J = 7.6 Hz, 3H, H10),
0.72-0.99 (m, 3H, H3’ax-H4’ax-H6ax), 1.04-1.47 (m,
2H, H2’-H5’), 1.05 (s, 3H, H87-H9™*), 1.09 (s, 3H, H8"-H9""), 1.60-1.74 (m, 2H, H3’eq-H4’eq), 2.02-2.28
(m, 2H, H6’eq-HT’), 2.28 (d, J] = 18.3 Hz, 1H, H5"), 2.53 (d, J = 18.3 Hz, 1H, H5"), 2.95 (ddd, J =
7.3/5.7/5.3 Hz, 1H, H4), 3.21 (d, } = 7.3 Hz, 1H, H3), 3.49(d, I = 6.1 Hz, 1H, H3""), 3.63 (td, ] = 10.2/4.6
Hz, 1H, H1’), 3.77 (s, 3H, H7""), 5.80 (d, J = 5.7 Hz, 1H, H5) ppm. *C NMR (CDCly): & = 16.0 (C8’-C9’),
20.8 (C8’-C9’), 22.1 (C10°), 23.0 (C8’-C9™), 23.3 (C3’), 25.8 (C7), 27.7 (C87-C9™), 31.3 (C5"), 34.2
(C4%), 38.9 (C47), 40.6 (C6), 42.9 (C4), 47.8 (C2°), 48.9 (C3), 50.3 (C5™"), 51.7 (C7>), 52.7 (C3™), 57.7
(C2"), 79.0 (C1°), 100.3 (C5), 166.5 (C6™), 171.2 (C2), 202.3 (C1”’) ppm
[ap])™ = -285.5, [as7s]* = -297.8, [otsas] = -342.9, [otazs]”’ = -639.1, [ouaes]* = -1237.8 (c=1.00)



4886 C Rostensd ot Al / Totvrlindens &4 11000 AQT2 4000
O. DEFIFANG €L de. / 1 ELFANEGTON J4 (1 770) 40/3—4000
0O w u /¥ Cyclobutane 21: Yield: 283 mg.

] o CxuHiOs M = 406.23. IR: v = 2945, 2870, 2250,
. o 3 [F 4N  1750,1715, 1605, 1455, 1300, 1225, 1165, 1115, 935
s \s S NS cm’. MS (70 eV): m/z (%) = 406 (12, M"), 336 (10),
N2\ 0 a g b 267 (19), 218 (42), 192 (93), 135 (95), 121 (100).
NN MeO s O Anal.: found: C 67.73, H 8.27; calculated: C 67.94, H

8.43. '"H NMR (CDCL): & = 0.80 (d, J = 6.9 Hz, 3H,
H8’-H9’), 0.91 (d, J = 7.6 Hz, 3H, H10’), 0.95 (s, 3H, H8’’-H9"’), 0.96 (d, J = 6.9 Hz, 3H, H8’-H9’), 0.74-
1.04 (m, 3H, H3’ax-H4’ax-H6’ax), 1.21-1.47 (m, 2H, H2’-H5"), 1.27 (s, 3H, H8”-H9""), 1.51-1.73 (m, 2H,
H3’eq-H4’eq), 1.92-2.18 (m, 2H, H6’eq-H7’), 2.14 (d, J = 16.4 Hz, 1H, H5”), 2.33 (d, J = 16.4 Hz, 1H,
H5”), 2.93 (d, J = 3.4 Hz, 1H, H4), 3.02 (dd, J = 5.0/3.4 Hz, 1H, H3), 3.57 (td, J = 10.2/4.6 Hz, 1H; HI’),
3.98 (s, 3H, H7”), 4.26 (d, J = 5.0 Hz, 1H, H3""), 5.71 (s, 1H, H5) ppm. “C NMR (CDCL): 5 = 15.5 (C8’-
C97), 20.7 (C8°-C9’), 22.2 (C10), 22.8 (C8*’-C9*), 23.1 (C3"), 25.4 (CT’), 27.5 (C8’-C9’), 31.3 (C5’), 34.2

(C4%), 36.2 (C47’), 38.6 (C4), 39.7 (C6’), 41.1 (C3), 47.6 (C2), 52.4 (C5”°), 52.7 (C3”’), 57.7 (C7”), 58.7

(C27), 76.7(C1), 102.7 (C5), 166.6 (C6™), 173.0 (C2), 203.7 (C1”’) ppm
(C2), 76.7(C1"), 1027 (C5), 166.6 3.0(C2),203.7(CY") ppr
v 12l = _ 174 Q Iveac12l = _1400 rN_.,121— 1500 [ 2= 978 7 [v.. 12 =275 & (=1 D0D1)
LD} 159.0, [WR57§] 19V, (R346] 1J7.7, (436§ 1 J.3, [IL365] LiJ. O, \UTL.VL).
8 Cyclobutane 2m: Yield: 82 mg.
W B H [ o CuH05 M=406.23. IR: v = 3405, 2940, 2870, 1750,
= A 1720 1600. 1455 1370 1220 1130 925 em’! MS (70
o 3 FaN 20, 1600, 1455, 1370, 1220, 1130, 925 cm™. MS (70
OI
4M s 412y eV): m/z (%) = 406 (7, M"), 269 (12), 251 (69), 211
- K = fAAY 1QD (ARY 1AQ 7/Q7Y 1217 110N Anal @ fAannd. O
/'/Q O— H O \‘P'Tl, 1 7l \UU,, 11Uz \Jl}, 104 \.IUU}. oadiar.. ivuiLig A 4
\—3 v ie0” 6" O 67.74, H 8.33; calculated: C 67.94, H 8.43. 'H NMR
71?\ 1' MeQ . » . > . » .
Qf 7 £OTYN TN, © N "TY 7] T e £ N TT TT TTO? TTNN\ n onNn
9‘ o \klubl3). QO =vu.rs7/ \U J — 0% nL, 2, no -n>v }, U.ov
(d, J=7.6 Hz, 3H, H10%), 0.96 (d, J = 6.9 Hz, 3H, H8’-
H9"), 0.98 (s, 3H, H8’-H9""), 0.82-1.05 (m, 3H, H3 ax-H4’ax-H6’ax), 1.20-1.48 (m, 2H, H2’-H5"), 1.30 (s,
3H, H8’’-H9”’), 1.62-1.75 (m, 2H, H3’ eq-H4 eq), 1.90-2.10 (m, 2H, H6’eq-H7’), 2.04 (d, J = 16.8 Hz, 1H,

H5""), 2.28 (d, J = 16.8 Hz, 1H, H5”’), 2.49 (d, J = 9.9 Hz, 1H, H3), 2.57 (dd, J = 9.9/6.9 Hz, 1H, H4), 3.54
(td, J = 10.2/4.6 Hz, 1H, H1"), 3.98 (s, 3H, H7""), 5.28 (d, J = 6.9 Hz, 1H, H3""), 5.62(s, 1H, H5) ppm. *C
NMR (CDCL): & = 15.4 (C8°-C9’), 20.8 (C8’-C9’), 22.1 (C10’), 22.7 (C8>-C9), 22.9 (C3’), 25.7 (C7),

5 (C87-C9™), 31.3 (C5°), 34.1 (C4’), 38.0 (C4™"), 38.2 (C4), 39.4 (C6"), 42.8 (C3), 47.5 (C2"), 54.7
(C5”), 55.6 (C7’*), 73.7 (C3°"), 77.6 (C1’), 87.2 (C2°*), 109.5 (C5), 158.5 (C6™*), 171.0 (C2), 198.8 (C1°*)

o] =-118.3, [otsm]™! = -122.6, [otsas]”' = -140.6, [ouse]” = -241.7, [atzes]”' = -242.2, (c=0.99).

Cyclobutane 2n: Yield: 84 mg.

O, OMe ™
o NV 0 CaHuOs M = 406.23. IR: v = 3405, 2945, 2855,
Wi i 1750, 1715, 1430, 1370, 1220, 1110, 935 cm™. MS
o ' 0’5 3 2 i s (70 eV): miz (%) = 406 (1, M"), 338 (3.7), 287 (23),
e\ I 209 (34), 192 (61), 169 (88), 137 (100). Anal.: found:
T\ A = = =
\\,./ 2\ o HH | Ny C 6764, H 821; calculated: C 67.94, H 8.43. 'H
3 0 Lo
T NMR (CDCL): 8 = 0.79 (d, J = 6.9 Hz, 3H, H8'-H9"),

0.82 (d, J = 7.6 Hz, 3H, H10"), 0.92 (s, 3H, H8"-



H9™"), 0.95 (d, T = 6.9 Hz, 3H, H8-H9’), 0.74-1.04 (m, 3H, H3’ax-H4’ax-H6’ax), 1.17-1.47 (m, 2H, H2’-
H5%), 1.23 (s, 3H, H8”"-H9”"), 1.53-1.76 (m, 2H, H3’eq-H4’eq), 2.02-2.18 (m, 2H, H6’eq-H7’), 2.08 (d, J =
16.8 Hz, 1H; H5**), 2.29 (d, J = 16.8 Hz, 1H, H5"), 2.75 (ddd, J = 6.5/6.1/4.2 Hz, 1H, H4), 2.83 (d, ] = 6.1
Hz, 1H, H3), 3.59 (td, J = 10.2/4.6 Hz, 1H, H1"), 3.96 (s, 3H, H7”), 4.60 (d, ] = 6.5 Hz, 1H, H3™"), 5.62 (d, J
= 4.2 Hz, 1H, H5) ppm. “C NMR (CDClL): § = 15.5 (C8-C9’), 20.9 (C8’-C9’), 22.2 (C10’), 22.4 (C8"’-
C9™), 23.0 (C3’), 25.2 (CT’), 29.7 (C87°-C9"), 31.4 (C5’), 34.2 (C4"), 38.5 (C4"), 39.4 (C6), 39.9 (C4),
41.0 (C3), 47.5 (C2’), 55.2 (C5”’), 56.6 (C7’*), 74.5 (C3”"), 78.9 (C17), 90.1 (C2”), 100.6 (C5), 158.9 (C6°),
169.4 (C2), 199.9 (C1”") ppm.

[on]? =-12.8, [ats7s]* = -11.4, [otsss]* = -10.0, [ouse]™ = -2.8, [ases]* = +42.8, (c=1.00).
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