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CHAPTER 2 

[2+2] CYCLOADDITIONS WITH 6-METHYLDIOXENONES 

2.1 Introduction 

The most delicate part of the right-hand fragment (3) of solanoeclepin A (1) resides in 

its highly strained tricyclic core, containing the bicyclo[2.1.1]hexanone (eq 2.1). As far as we 

know, this is an unprecedented structural feature in natural products. 

eo2H 

PGO. 
X O , H 

(2.1) 

1 2 3 (PG = protective group) 

Therefore, we sought a method that would allow rapid access to this particular unit 

of our target structure. It soon became apparent that the most obvious way to construct 

cyclobutanones, the thermal intramolecular ketene-alkene [2+2] cycloaddition,1 in this case 

would not be applicable. In a seminal publication, Snider observed the instability of the 

bicyclo[2.1.1]hexanone structure under the conditions needed for its formation.2 Reaction of 

ketene 4 did not afford the desired bicycle, but instead a complex mixture of dimeric 

products was obtained (eq 2.2). Interestingly, in some of the dimers the oxygen and 

methylene groups had switched positions in the chain. 

II 
O 

*• dimer (2-2) 

The only plausible mechanism is cycloaddition of the ketene 4 to give 5 followed by 

cycloreversion to give the isomeric ketene 6 which then reacts with another ketene or acid 

chloride molecule to give a dimer. The result indicates that formation of 

bicyclo[2.1.1]hexanones is mechanistically feasible, but thermodynamically unfavored. We 

verified this result with the attempted cycloaddition of ketene precursor 7 (eq 2.3). 

-K- (2.3) 



Chapter 2  

Indeed, a complex mixture of products was obtained, but no desired 

bicyclo[2.1.1]hexanone 8 could be detected. Therefore, we turned our attention to a 

photochemical [2+2] cycloaddition approach, to construct the tricyclic core of solanoeclepin 

A. The retrosynthetic scheme is depicted in eq 2.4. 

1 OFT 

PGO 
11 

O P G \ ^ 2 

OR 

11 

(2.4) 

A formyl acetate derived precursor such as 11 should provide photoadduct 10 with 

the appropriate handles for elaboration towards 9. However, it is known that acyclic formyl 

acetate derived enol ethers are incapable of photoaddition to olefins.3 Therefore, the ester 

moiety and the enol should be connected through an acetal carbon. In other words, 

substituents R2 and R3 should constitute a ring. The chromophore then obtained is known as 

a dioxenone.4 Indeed, the dioxenone structure has been frequently shown to be a versatile 

and efficient building block in synthetic photochemistry, especially allowing elegant 

cyclobutane ring formation via [2+2] cycloaddition.5 Moreover, in its intramolecular version, 

a high degree of stereo- and regiochemical control is usually attainable due to geometric 

constraints.6 For instance, the photocyclization of dioxenone 12 bearing a 3-butenyl side 

chain at C-5 gives crossed adduct 13 (scheme 2.1), as has been reported by Kaneko and Sato.7 

Scheme 2.1 

'0 

13 66% 

16 

1,5-closure 
crossed 

1,6-closure 

straight 

14 not observed 

The corresponding straight cycloadduct 14 was not observed. This outcome follows 

the so-called empirical "rule of five",8 which explains the regiochemistry by the supposedly 

preferential 1,5-closure of intermediate biradical 15, during the first step of the cyclizarion 

process. However, when we started our investigations to the best of our knowledge this was 

the only example of an intramolecular cycloaddition between a dioxenone and an alkene 

10 



12+2] Cycloadditions ivith 6-methyhlioxenones 

connected by a two carbon tether. Therefore we set out to explore the synthetic potential of 

the [2+2] photocycloaddition for the synthesis of our target fragment.9 A remark about the 

superfluous dioxenone C-6 methyl group should be made here. We were aware that removal 

of this extra carbon at a later stage of the total synthesis might not be a trivial chore. 

However, the presence of this methyl group greatly facilitates the synthesis of the required 

dioxenones. Therefore, we decided at this stage of the research to condone this methyl group 

and later work towards more appropriately substituted dioxenones. 

2.2 Preparation and Cyclization of Monosubstituted 3-Alkenyl Dioxenones 

Our first experiments had two objectives, viz. (1) to verify the robustness of the 

photocyclization process of Kaneko and (2) to establish that further transformations of the 

cycloadducts were possible without destruction of the fragile bicyclo[2.1.1]hexane moiety. 

Therefore, cyclization precursor 20 was synthesized from terf-butyl acetoacetate (18) via 

alkylation with l-bromo-3-butene10 (19) and subsequent dioxenone formation according to a 

literature procedure11 (eq2.5). 

O O 

O'Bu 

18 

KO'Bu, Nal (cat.) 
THF, 0 °C -> reflux 

16 h 

O'Bu 
Ac,0, H,SO. 

20 57% 

(2.5) 

Cyclization precursor 20 was subjected to irradiation at 300 nm using acetone as a 

triplet sensitizer. After 4 h, complete conversion of the starting material was observed and 

the expected crossed cycloadduct 21 was formed (eq 2.6). 

hv (300 nm) 

MeCN/acetone 
(9:1 v/v), rt, 4 h 

21 

LiAlH, 

THF, rt, 5 min. 
OH (2.6) 

22 
47% from 20 

This cycloadduct appeared to be unstable, decomposing slowly under the reaction 

conditions and during the subsequent work-up. This instability was attributed to the fact 

that dioxanones, when fused to a cyclobutane, can readily undergo a retro-aldol reaction.5" 

Therefore, we sought a reducing system that would convert the cycloadduct 21 into diol 22. 

Reductions with either DIBAL-H or LiAlhLi at temperatures ranging from -78 to 0 °C gave 

poor yields and complex product mixtures. We reasoned that a more rapid and exhaustive 

reduction was necessary to circumvent these problems, which were probably resulting from 

a competitive retro-aldol process of the intermediate in the reduction process. Gratifyingly, 

reaction with excess L1AIH4 at room temperature was successful and gave diol 22 as a 

crystalline compound in 47% overall yield from 20. Importantly, the X-ray crystal structure 

11 



Clmpter 2  

determinat ion of 22 p rov ided unequivocal proof of the bicyclo[2.1.1]hexane structure (figure 

2.1). 

c 

c % 

4 * 4? 
c^ 

Figure 2.1 Crystal structure of 22 

Encouraged by these results we tu rned our at tention to more highly functionalized 

cyclization precursors , necessary for eventual application in the total synthesis of 

solanoeclepin A. Initially, it was investigated whe the r similar chemistry could be used wi th a 

C-2 oxygen subst i tuent in the 3-alkenyl sidechain. Therefore, allyl d ioxenone 24 was 

synthesized in an analogous way as shown before (eq 2.7).12 

O O 
^ Br 

° ' B u KO'Bu, Nal(cat.) ' 
THF, 0 °C -> reflux 

18 16 h 

0 . B u Ac 2 0 ,H 2 S0 4 

acetone 
0 °C, 16 h 

23 81' 

(2.7) 

Oxidat ive cleavage of olefin 24 by O s 0 4 / N a I 0 4 a l lowed formation of a ldehyde 25 (eq 

2.8), which proved to be a very versatile bui ld ing block in our subsequent s tudies (vide infra). 

O 

Os0 4 (cat.), N a l 0 4 O. 

THF/water (1:1 v/v) 
rt, 8 h O' 

25 75% 

(2.8) 

Alkylation of 25 wi th v iny lmagnes ium bromide gave allylic alcohol 26, thus al lowing 

the installation of the required secondary alcohol (eq 2.9). Alongside the desired product , a 

substantial a m o u n t of unreacted a ldehyde w a s recovered. This is probably d u e to partial 

enolization of 25 unde r the reaction condit ions, render ing it unreact ive towards the Gr ignard 

reagent. Alcohol 26 was subsequent ly protected (27) wi th the methoxymethyl g roup (MOM). 

25 
^ M g B r 

THF, -78 °C 
1 h 

+ 25 
MOMC1 

DIPEA, CH2C12 MOMO 
r t ,16h 

12 

O 
27 

43% from 25 

(2.9 



[2+2] Ci/cloaddititmf with b-mctln/ldioxenones 

The photocycloaddi t ion of 27 afforded the unstable crossed adduc t 28 as a 1:1 

mixture of dias tereomers (eq 2.10). Immedia te reduct ion as described above led to diol 29 as 

a 1:1 mixture of isomers in 52% overall yield from 27. 

O 

MOMO MeCN/acetone 
r t , 4 h 

27 
MOMO 

.0 LiAlH, 

O THF, rt, 5 min. 

28 
MOMO 

/ x 0 H 

29 
52?/0 from 27 

N o w that it w a s firmly established that the C-2 oxygen subst i tuent in the alkenyl 

sidechain did not interfere wi th the synthesis of the cyclization precursors , nor wi th the 

pho tocyc loadd i t ion / reduc t ion sequence, the stage w a s set to investigate more highly 

subst i tu ted penden t alkenes. 

2.3 Preparat ion a n d C y c l i z a t i o n of T r i s u b s t i t u t e d C y c l o a l k e n y l D i o x e n o n e s 

For the construct ion of the tricylic core of solanoeclepin A, a cyclohexene moiety 

should be te thered to the dioxenone. Since this type of d ioxenone cycloaddit ion wi th 

subst i tuted alkenes had no precedent , the f ive-membered r ing analog w a s p repa red as well. 

In this w a y the influence of the r ing size on the cycloaddit ion as well as on the stability of the 

cycloadducts w a s investigated. The synthesis of these cyclization precursors started wi th the 

chromium(II) /nickel(II) media ted coupling1 3 of cyclopentenyl1 4 and cyclohexenyl1 5 triflate to 

a ldehyde 25 (scheme 2.2). 

Scheme 2.2 

25 

CrCl2 (4 equiv 

OTf 

n=l 
n=2 

MOMCI 

| DIPEA, CH2CI2 

r t , 16h 

O 

33 n=2, 85% 

imidazole 
DMF, rt, 16 h 

In its intramolecular form, the [2+2] cycloaddit ion is generally k n o w n to p roduce the 

n e w stereogenic centers of the four-membered r ing with a very high degree of 

stereoselectivity.16 The stereochemistry of r ing fusion be tween the cyclobutane and other 

13 



Chapter 2  

r ings in the pho toadduc t s is nearly a lways cis. Fur thermore , subst i tuents in the tether can 

have a p ronounced influence on the overall diastereoselectivity of the process.17 To 

investigate the degree of diastereoselection induced by the size of the subst i tuent in our two 

carbon tether, two protective g roups were chosen, differing in size. Allylic alcohols 30 and 31 

were protected as M O M ethers, to afford 32 and 33, respectively (scheme 2.2). In addit ion, 30 

w a s equ ipped wi th the bulky TBDMS group , p rov id ing precursor 34. 

To prevent the formation of ep imers at the carbon a tom bear ing the protected alcohol, 

and in that w a y aid the characterizat ion of the cycloadducts , the allylic alcohols 30 and 31 

were oxidized to the cor responding ketones 35 and 36, respectively, a n d subsequent ly 

protected according to Noyor i ' s protocol1 8 to give dioxolanes 37 and 38 (eq 2.11). 

35 n=l, 78% 
36 n=2, 95% 

37 n=l, 66% 
38 n=2, 66% 

(2.11) 

When the precursors were subjected to the irradiat ion condit ions very smooth 

cyclizations took place. However , we were very surpr ised to find that all these 

cycloaddit ions showed a remarkable complete preference for the undes i red straight m o d e of 

closure. The results are collected in table 2.1. 

Table 2.1 

entry precursor 

MOMO 

32 n=l 
33n=2 

TBDMSO 

34 

Notes: (a) yield of unpurified material 

cycloadduct 

to 
CM 

39 n=l, 100%a 

40 n=2, 95% 

MOMO 

<<>n 

Ê O 

41 n=l, 97% (57:43) 
42n=2, 83% (50:50) 

TBDMSO., O 

IA, 

43 97% (75:25) 
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[2+2] Ci/clotidditioiis with 6-incthyldioxenones 

The cyclic acetal precursors 37 and 38 (entries 1 and 2) afforded straight cycloadducts 

39 and 40 as the exclusive regioisomers, in excellent yields and, as expected, as single 

diastereomers. This proved that the four stereocenters generated in the [2+2] cycloaddition, 

are indeed being formed in a completely controlled fashion. A readily noticed and most 

remarkable property of these bicyclo[2.2.0]hexanes was their greatly enhanced stability 

compared to crossed adduct 28, even towards silica gel column chromatography, allowing 

the isolation and full characterization of these strained molecules. The cyclopentane and 

cyclohexane adducts appeared to be equally stable, indicating that the size of this ring is of 

no influence on the stability of the products. Figure 2.2 shows the iH-NMR spectrum of 40. 

;i . 

Figure 2.2 ]H NMR spectrum (5.0-0.5 ppm) of 40 

MOM protected precursor 32 (entry 3) afforded straight cycloadduct 41 in an 

excellent yield, as a 57:43 mixture of diastereomers. Analog 33 (entry 4) afforded 42 as a 50:50 

mixture of diastereomers. Similarly, TBDMS ether 34 (entry 5) led to adduct 43, but in this 

case a 75:25 mixture of diastereomers was obtained. The major isomer was identified as 

having the protected alcohol cis with respect to the cyclopentane ring, whereas the minor 

isomer bears a trans relationship between the two. This small but significant effect on the 

diastereoselectivity of the cycloaddition can be explained by looking at a model of the 

transition state (eq 2.12). 

TBDMSO 

34 

OTBDMS 

TBDMSO. 
1 il 

/ " " i - ? . (2.12) 

43 
major diastereomer 
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Chapter 2  

In order to arrive at the appropriate geometry for the straight mode of closure, the 

cyclization precursor 34 has to adopt a boat-like conformation. The orientational preference 

of the hydroxyl substituent in the transition structure 44 determines the diastereoselectivity. 

The major diastereomer 43 results from the conformer where the bulky TBDMS ether is in a 

favorable pseudo-equatorial situation. Obviously, for the less bulky MOM ether this effect is 

negligible leading to a nearly 50:50 distribution of diastereomers. 

2.4 Preparation and Cyclization of Tetrasubstituted Alkenyl Dioxenones 

We hypothesized about the origin of the remarkable and unprecedented selectivity 

for the straight mode of closure, observed with the trisubstituted cycloalkenyl precursors. 

Our first reasoning was that the first bond formation simply took place at the least hindered 

side of the pendent alkene, resulting in 1,6-closure. Furthermore, the charge distribution of 

an excited enone is the opposite of its ground state configuration, and thus the enone ß-

carbon bears a partial negative charge.19 If this is also true for dioxenones, this means that the 

first bond forms at the least electron-rich side of the ground-state alkene, in our systems 

again resulting in 1,6-closure.20 In order to evaluate the importance of these two factors on 

the regioselectivity, a new precursor was designed bearing an additional electron-

withdrawing ester group on the tethered cycloalkene. The synthesis of such a precursor was 

easily achieved by coupling of ß-keto ester derived vinyl triflate 4521 with aldehyde 25 

(scheme 2.3).^ This afforded hydroxy ester 46, which was subsequently protected with a 

MOM group (47). 

Scheme 2.3 

O. 
O 

o + 

25 

CrCl2 (4 equiv.) 
NiCl2 (1 mol%) 

"OTf DMF, rt, 16h ' 
C02Me 
45 

Me02C OH 

46 73% 

MOMC1 
DIPEA, CH2C12 

rt, 16 h 
O 

Me02C n 

47 55% 

However, subjection of precursor 47 to the irradiation conditions again resulted in the 
exclusive formation of the straight cycloadduct (48), as a 60:40 mixture of diastereomers (eq 
2.13). 

16 



[2+2] Cycloadditions with 6-methyhiioxenones 

hv (300 nm) 

MeCN/acetone (9 
r t , l h 

MOMO O 

1 v/v) \̂ 1—L 
O 

Me02C : 

48 78% (60:40) 

(2.13) 

MOMO., o 

Me02C 

\J 
y 

Figure 2.3 'H NMR spectrum (5.0-1.0 ppm) of the minor isomer of 48 

The minor ep imer of cycloadduct 48 was crystalline (mp 62-64 °C) and appea red 

suitable for a crystal s t ructure de terminat ion (figure 2.4). Thus , from this result w e h a d to 

conclude that the preference for 1,6-closure w a s not caused by differences in steric 

hindrance, nor by the polarizat ion of the tethered alkene. 

0 , 

0 

: 

Figure 2.4 Crystal structure of 48 

(minor isomer, hydrogen atoms omitted for clarity) 
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Our next reasoning was that the tether, although only two carbons long, was perhaps 

too flexible. Because it is known that intramolecular [2+2] cycloadditions are sensitive to 

geometrical constraints, we hoped that a more rigid precursor could direct the 

photochemistry towards the desired mode of closure. The appropriate rigidity was found in 

lactone 50, which was obtained when aldehyde 25 was coupled with ß-keto ester derived 

vinyl triflate 49^ (eq 2.14). While the five-membered ring analog 46 did not lactonize 

(scheme 2.3), nor could be forced to do so by heating, with the six-membered ring the 

intermediate allylic alcohol spontaneously lactonized under the coupling conditions. 

O 

25 

CrCI2 (4 equiv.) 
NiCl2 (1 mol%) 

0 T f DMF, 50 °C, 8 h 

50 75% 

(2.14) 

This precursor again was subjected to the regular cyclization conditions. We were 

very pleased to find that in this case crossed product 51 was formed with complete regio-

and diastereoselectivity, in a very clean cycloaddition (eq 2.15). 

50 

hv (300 rail) 

MeCN/acetone (9:1 v/v) 
rt, 1 h 

(2.15) 

As before, this bicyclo[2.1.1]hexane was found to be unstable to silica gel column 

chromatography. However, crystallization from CHbCh/pentane afforded crystals (mp 177-

178 °C) suitable for X-ray diffraction and the crystal structure obtained is shown in figure 

2.5. 

* 

Î ' 
I, 

L» m* 
Figure 2.5 Crystal structure of 51 

(hydrogen atoms omitted for clarity) 
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[2+2] Cycloadditions with 6-mcthyldioxenones 

The complexity of this very compact highly functionalized pentacyclic structure is 
noteworthy. The four-membered ring of the bicyclo[2.1.1]hexane is exhaustively substituted 
and consists solely of quaternary carbon atoms. 

Figure 2.6 'H NMR spectrum (5.0-0.5 ppm) of 51 

2.5 Preparation and Cyclization of Disubstituted Alkenyl Dioxenones 

So far, we observed the completely regioselective formation of either crossed or 

straight cycloadducts, depending on the type of precursor used. Intrigued by the 

capriciousness of the cycloaddition's regioselectivity, we decided to investigate disubstituted 

alkenes tethered to the dioxenone. These precursors do not contain the pendent alkene in a 

ring, but they do have an additional substituent on the double bond. Therefore, they were 

anticipated to be in-between the unsubstituted alkene 27, which led to crossed cycloaddition, 

and cycloalkenyl precursors 32 and 33, which both led to straight cycloadducts. The 

synthesis of the precursors was rather straightforward and is depicted in scheme 2.4. 

Scheme 2.4 

R! 
Br 

CrCl, (4 equiv.) 
NiCL, (1 mol%) 

DMF, rt 

53 R 
H, Rz = Me 
Me, R2 = H 

MOMC1 
DIPEA, CH2C12 

54 R1 = H, R- = Me, 70% from 25 
55 R1 = Me, R2 = H, 29% from 25 
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Chapter 2  

Precursor 54 contains a methyl subst i tuent at the internal carbon of the penden t 

alkene, whereas 55 has a methyl g r o u p at the external olefinic carbon. We anticipated 54 to 

engage in 1,6-closure d u e to steric obstruction of the internal olefinic carbon and 55 to 

behave as an unsubst i tu ted alkene and cyclize in a 1,5-fashion. However , both precursors 

afforded straight cycloadducts (56 and 57, scheme 2.5), in modera te yields, d u e to partial 

polymerizat ion of the precursors du r ing the photolysis.2 4 

Scheme 2.5 

MOMO 

54 

hv (300 nm) 

MOMO, 

Me, 
MeCN/acetone (9:1 v/v) 

rt, 2 h E O" 

56 47% 

MOMO 

55 

hv (300 nm) 
MOMO, 

MeCN/acetone (9:1 v/v) 
rt, 6.5 h 

DA, O 

Me 1 0 

57 36% (7:2:1) 

Product 56 appeared to be a single dias tereomer as no other isomers in the lH NMR 

of the c rude reaction mixture could be detected. NOE difference measuremen t s a l lowed the 

ass ignment of the relative stereochemistry of 56. Photolysis of 55 proceeded more slowly 

than its analogue 54 and resulted in a complex mixture, of which three inseparable 

dias tereomers were obtained after column chromatography in a ratio of 7:2:1 (the main 

isomer is d rawn in scheme 2.5). Due to the presence of other minor adduc ts in the ' H NMR 

spectrum of the crude produc t (minor adduc t s 57 <10%), which turned out to be unstable 

du r ing subsequent purification, it was not possible to rule out the presence of small amoun t s 

of crossed adducts . However , the determinat ion of the stereochemistry of the main isomer of 

57 was possible as before by us ing NOE difference experiments . Both adduc t s 56 and 57 

showed to have the protected alcohol g r o u p at the concave side a n d the methyl g roup 

s t emming from the penden t alkene at the convex side of the bicyclo[2.2.0]hexane moiety. In 

both cases a no tewor thy stereoselectivity of the reaction was observed, probably d u e to a 

more severe steric interaction be tween the methyl g r o u p wi th the M O M protected alcohol in 

compar ison with the methylene carbon in the cycloalkenyl s tructures. 

2.6 M e c h a n i s t i c C o n s i d e r a t i o n s 

Thus, of the eleven photocycloaddit ion precursors investigated, three (20, 27 and 50) 

cyclize in the expected crossed m o d e obeying the rule of five, whi le the others (32-34, 37, 38, 

47, 54 and 55) cyclize in the unexpected straight mode . In view of the available precedent , 20 

20 



[2+2] Cycloadditions with 6-wetln/ldioxenoiics 

and 27 show 'normal' cyclization behavior ("rule of five"). The mechanism of the 

photocycloaddition reaction of alkenes with cyclic enones has been the subject of a number 

of investigations.25 The most recent experimental data on inter-26 and intramolecular 

processes27 suggest that the regiochemistry of the cyclization depends on the partitioning of 

the 1,4-biradical intermediate in the triplet excited state between cyclobutane ring formation 

and bond cleavage to give the ground state starting material as was first suggested several 

years ago by Bauslaugh.28 About dioxenones much less is known. In the intramolecular 

process the initial bond formation should take place at the C(ß) of the formed 1,4-biradical 

dioxanyl moiety as has been shown by Winkler et al.29 

Bearing this in mind, modeling studies by molecular mechanics (MM2 force field)30 

indicate that in the case of cyclic alkenes 32-34, 37, and 38 (see table 2.1) and even with ester 

47 (see eq 2.14) initial five-membered ring formation cannot be readily followed by a second 

CC-coupling due to conformational constraints (the two orbitals containing the radicals are 

too much parallel). Therefore, the triplet 1,4-biradical intermediate 58 (scheme 2.6, the 

biradical derived from 47 is taken as an example) would collapse to ground state starting 

material. However, if biradical structure 59 is formed upon 1,6-closure, both radicals are 

properly oriented to allow the second CC-bond formation to occur. 

Scheme 2.6 

Q 

Q .. 
- '•"•• 

MOMO 

crossed adduct 
not detected 

4 

MM2 minimized conformation 
of biradical intermediate 58 

straight adduct 48 (78%) 

On the other hand, in the more rigid lactone intermediate 60 (scheme 2.7) the two 

radicals are positioned in a favorable orientation (product-like conformation by 

pyramidalization of the sp2-hybridized carbon atom next to the y-lactone carbonyl), allowing 

facile crossed adduct formation. 

21 



Chapter 2 

Scheme 2.7 

9 

MM2 minimized conformation 
of biradical intermediate 60 

crossed adduct 51 (95% straight adduct 
not detected 

In the case of acyclic alkenes 54 and 55 (see scheme 2.4) the conformational effect is 

less obvious. Moreover, both low yields and slow reaction rates point towards a difficult 

process. One could reason that the first attack on the least hindered carbon of 54 could justify 

the regiochemical outcome leading to the straight adduct. Moreover, the presence of unstable 

side products in the case of the analog 55, which we assume to be crossed adducts (see 

above), suggests that the regioselectivify is less pronounced. However, during the straight 

adduct formation, the second cyclization step could be favored due to the lack of the methyl 

group shielding the radical. 

2.7 Conclusions 

In this chapter the efficient preparation of 6-methyldioxenones tethered to mono- di-, 

tri- and tetrasubstituted alkenes is described. Monosubstituted olefins cyclized as expected to 

bicyclo[2.1.1]hexanes, according to the rule of five. Di- en trisubstituted alkenes exhibited a 

remarkable preference for 1,6-closure, leading without exception to highly substituted 

bicyclo[2.2.0]hexanes. Ester substituted alkene 47 displayed the same selectivity for the 

straight mode of closure, indicating that steric hindrance and the electronic nature of the 

alkene, is not the determining factor for the regiochemical outcome of the cycloaddition. 

However, the more rigid lactone precursor 50 afforded the desired 

bicyclo[2.1.1]hexane skeleton. This allowed the stereoselective synthesis of the highly 

compact and complex pentacyclic bislactone 51, which contains the appropriate substitution 

pattern and stereochemistry for elaboration towards the right-hand side of solanoeclepin A. 

Finally, a mechanistic rationale for the regioselectivify of the [2+2] photocycloadditions, 

based on molecular modeling results, is presented in this chapter. 
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2.9 Experimental Section 

General information. All reactions were carried out under an inert atmosphere of 

dry nitrogen, unless stated otherwise. Standard syringe techniques were applied for transfer 

of air sensitive reagents and dry solvents. Infrared (IR) spectra were obtained from CHCI3 

solutions, using a Bruker IFS 28 FT-spectrophotometer and wavelengths (v) are reported in 

cm1. JH and 13C nuclear magnetic resonance (NMR) spectra were determined in CDCI3 using 

a Bruker ARX 400 (400 MHz and 100 MHz, respectively) unless indicated otherwise. 

Chemical shifts (5) are given in ppm downfield from tetramethylsilane. HRMS 

measurements were carried out using a JEOL JMS-SX/SX 102 A Tandem Mass Spectrometer. 

Chromatographic purification refers to flash chromatography31 using the indicated solvent 

(mixture) and Acros silica gel (0.030-0.075 mm). Rf values were obtained by using thin layer 

chromatography (TLC) on silica gel-coated plastic sheets (Merck silica gel F254) with the afore 

mentioned solvent (mixture) unless noted otherwise. Melting points are uncorrected. Dry 

THF and Et^O were distilled from sodium benzophenone ketyl prior to use. Dry DMF, 

CH2CI2 and MeCN were distilled from CaH2 and stored over MS 4A under a dry nitrogen 

atmosphere. Triethylamine was dried and distilled from KOH pellets. All commercially 

available reagents were used as received, unless indicated otherwise. 

5-But-3-enyl-2,2,6-trimethyl-[l,3]dioxin-4-one (20). To a solution of 2-

acetyl-hex-5-enoic acid ferf-butyl ester10 (2.38 g, 11.2 mmol) and AC2O (3.8 

mL, 40 mmol) in acetone (1.8 mL) was added dropwise at -10 CC, 

concentrated H2SO4 (0.7 mL). The solution was allowed to warm to room 

temperature over 16 h. The reaction mixture was poured into icewater (150 mL) and 

subsequently stirred for 1 h. The aqueous phase was extracted with CH2CI2 (3 x 100 mL). The 

combined organic layers were washed with brine (50 mL), dried over MgSC>4 and 

concentrated in vacuo. Purification by chromatography (EtOAePE = 1:6) afforded 20 (1.25 g, 

57%) as a colorless oil. R/= 0.25. iH NMR: 5.80 (ddt, ƒ = 17.0,10.2, 6.8,1H), 5.06-4.96 (m, 2H), 

2.38-2.35 (m, 2H), 2.26-2.20 (m, 2H), 1.98 (s, 3H), 1.64 (s, 6H). IR: 1718,1644. 

General procedure A for the intramolecular [2+2] cycloadditions. The photoreaction 

was carried out in a Pyrex glass vessel with a Rayonet RPR 3000A at room temperature. A 

solution of precursor in acetonitrile/acetone (25mM, 9:1 v/v) was degassed by bubbling 

argon through for 30 min. The solution was kept under argon and irradiated for the time 
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indicated. The reaction was followed by monitoring the UV absorption of the starting 

material on TLC. When complete conversion was observed, the solvent was removed in 

vacuo. 

Ny/ 4,4,6-Trimethyl-3,5-dioxa-rricyclo[4.3.0.11'7]decan-2-one (21). According to 

/~y^_y general procedure A, irradiation of 20 (50 mg, 0.26 mmol) for 3.5 h afforded the 

\-]- / ° unstable cycloadduct 21 (50 mg, 100% crude yield) as a yellow oil. The crude 

product was used immediately in the next reaction without further purification. 

iH NMR (C6D6): 2.56-2.53 (m, IH), 2.11-2.09 (m, 1H), 1.95-1.89 (m, 1H), 1.46-1.37 (m, 1H), 1.41 

(s, 3H), 1.32-1.15 (m, 2H), 1.30 (s, 3H), 1.03 (d, ƒ = 6.5 Hz, IH), 0.88 (s, 3H). »C NMR (C6D6): 

169.8,109.8, 83.9, 51.0, 46.2, 42.8, 30.9, 30.7, 25.5, 23.5. 

OH/OH l-Hydroxymethyl-5-methyl-bicyclo[2.1.1]hexan-5-ol (22). To a solution of 

\yj LiAlH-i (IM in THF, 0.9 mL, 0.9 mmol) was added dropwise at room 

temperature a solution of the crude cycloadduct 21 (50 mg) in THF (0.5 mL). 

The reaction mixture was stirred for 10 min. Then, the reaction was quenched by addition of 

EtOAc and saturated aqueous Na2SQt (10 drops) was added. The resulting mixture was 

stirred for 1 h. After addition of additional solid Na2SO.i the mixture was filtered through 

Celite® and concentrated in vacuo. Purification by chromatography (EtOAePE = 3:1) afforded 

22 (17 mg, 47% from 20) as a white powder. X-ray crystal structure determination was 

allowed after recrystallisation from Et20/pentane. Colorless crystals. Rf = 0.25. mp 88-89 °C. 

iH NMR: 3.88 (d, / = 11.7 Hz, IH), 3.75 (d, ƒ = 11.7 Hz, IH), 2.67-2.65 (m, IH), 2.55 (br, IH), 

2.35 (br, IH), 2.26-2.25 (m, IH), 1.64-1.60 (m, 2H), 1.45-1.32 (m, 2H), 1.15 (s, 3H), 1.04 (d, ƒ = 

6.8 Hz, IH). 

2 OH OH 
Crystallographic data for 22: orthorhombic, P2A21, a = 6.3570(8), b = 10.693(1), 

c = 11.866(1) Â, V = 806.6(1) À3, Z = 4, Dx = 1.317 gem3, ?i(CuKa) = 1.5418 Â, 

H(CuKa) = 6.29 cm-', F(000) = 312, 243 K. Final R = 0.051 for 745 observed 

reflections. 

Table 2.2 Bond distances of the non-hydrogen atoms (A) of 22 (standard deviations)  
C(l)-C(2) 1.561(6) C(2)-C(3) 1.532(8) C(6)-C(8) 1.503(8) 
C(l)-C(5) 1.512(7) C(3)-C(4) 1.522(8) C(6)-0(2) 1.438(5) 
C(l)-C(6) 1.562(6) C(3)-C(6) 1.536(7) C(7)-0(l) 1.441(6) 
C(l)-C(7) 1.491(6) C(4)-C(5) 1.565(8)  

Table 2.3 Bond angles of the non-hydrogen atoms (°) of 22 (standard deviations)  
C(2)-C(l)-C(5) 100.8(4) C(2)-C(3)-C(4) 102.1(5) C(l)-C(6)-0(2) 111.1(4) 

C(2)-C(l)-C(6) 85.2(3) C(2)-C(3)-C(6) 87.1(4) C(3)-C(6)-C(8) 120.4(5) 

C(2)-C(l)-C(7) 121.8(4) C(4)-C(3)-C(6) 103.1(5) C(3)-C(6)-0(2) 110.2(4) 

C(5)-C(l)-C(6) 102.4(4) C(3)-C(4)-C(5) 98.1(4) C(8)-C(6)-0(2) 109.7(5) 

C(5)-C(l)-C(7) 118.4(4) C(l)-C(5)-C(4) 99.8(4) C(l)-C(7)-0(1) 112.1(4) 

C(6)-C(l)-C(7) 121.8(4) C(l)-C(6)-C(3) 82.3(3) 

C(l)-C(2)-C(3) 82.4(3) C(l)-C(6)-C(8) 120.6(4) 
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[2+2] Cycloadditions with 6-metliyldioxcnones 

9 5-Allyl-2,2,6-trimethyl-[l,3]dioxin^-one (24). To a solution of 2-acetyl-pent-

O 4-enoic acid ferf-butyl ester12 (1.0 g, 5.0 mmol) and Ac20 (1.7 mL, 18 mmol) 

c r \ in acetone (0.8 mL) was added dropwise at -10 °C, concentrated H2S04 (0.3 

mL). The solution was allowed to warm to room temperature over 16 h. The 

reaction mixture was poured into icewater (50 mL) and subsequently stirred for 1 h. The 

aqueous phase was extracted with CH2C12 (3 x 50 mL). The combined organic layers were 

washed with brine (50 mL), dried over MgS04 and concentrated in vacuo. Purification by 

chromatography (EtOActPE = 1:5) afforded 24 (575 mg, 63%) as a colorless oil. Rj = 0.28. iH 

NMR: 5.82 (ddt, ƒ = 17.1,10.1, 6.1 Hz, 1H), 5.07-5.00 (m, 2H), 3.02 (d, / = 6.1 Hz, 2H), 1.97 (s, 

3H), 1.66 (s, 6H). WC NMR: 164.2, 161.8, 134.9, 114.9, 104.8, 102.8, 28.8, 24.9, 17.2. IR: 1710, 

1644. 

(2,2,6-Trimethyl-4-oxo-4H-[l,3]dioxin-5-yl)-acetaldehyde (25). To a 

solution of 24 (10.0 g, 55 mmol) in THF/water (600 mL, 1:1 v/v) were 

added at 0 °C, osmium tetroxide (10 mL, 1 wt. % solution in water, 0.4 

mmol) and NaI04 (28 g, 131 mmol). The resulting mixture was allowed to 

warm to room temperature and stirred for 7 h. Then, most of the THF was evaporated, the 

remaining mixture was diluted with water (500 mL) and extracted with EtOAc (4 x 300 mL). 

The combined organic layers were washed with IN NaHS03 (300 mL), water (300 mL), 2N 

NaHCOj (300 mL) and brine (300 mL), dried over MgS04 and concentrated in vacuo. 

Purification by chromatography (EtOAcPE = 1:1) afforded 25 (7.57 g, 75%) as a pale yellow 

waxy solid. R/= 0.27. iH NMR: 9.69 (s, 1H), 3.43 (s, 2H), 1.94 (s, 3H), 1.72 (s, 6H). «C NMR (in 

C6D6): 197.9, 165.72,161.9,106.0, 99.2, 40.6, 25.4,17.7. IR: 1722, 1650. HRMS (FAB) calculated 

for C9H13O4 (MH+) 185.0814, found 185.0809. 

5-(2-Hydroxy-but-3-enyl)-2,2,6-trimethyl-[l,3]dioxin-4-one (26). To a 

solution of aldehyde 25 (265 mg, 1.44 mmol) in THF (1 mL) was added at 

-78 °C vinylmagnesium bromide (1.5 mL, 1.0 M solution in THF, 1.5 

mmol) and the resulting solution was stirred at -78 °C for 15 min. 

Saturated aqueous NH4C1 (5 mL) was added and the resulting mixture was allowed to warm 

to room temperature and diluted with EtOAc (1 mL). The layers were separated and the 

aqueous phase was extracted with EtOAc (3 x 10 mL). The combined organic layers were 

washed with brine (10 mL), dried over MgSQi and concentrated in vacuo to yield an 

inseparable mixture of the desired alcohol 26 and starting material 25 (3:2, 323 mg). The 

crude product was used in the next reaction without further purification. 'H NMR: 5.93-5.83 

(ddd, ƒ = 17.1, 10.4, 5.8 Hz, IH), 5.27 (dt, ƒ = 17.1, 1.5 Hz, IH), 5.12 (dt, ƒ = 10.4, 1.4 Hz, IH), 

4.30 (m, IH), 2.57 (dd, ƒ = 14.5, 4.9 Hz, IH), 2.47 (dd, ƒ = 14.5, 7.4 Hz, IH), 2.38 (br, IH), 2.01 

(s, 3H), 1.66 (s, 3H), 1.65 (s, 3H). 

General procedure B for the preparation of the MOM protected products. To a 

solution of the alcohol in CH2CI2 (0.5M) at 0 °C were added DIPEA (4 equiv.) and MOMC1 

(2.5 equiv.). The mixture was stirred at 0 °C for 1 h and subsequently at room temperature 
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for 16 h. Saturated aqueous NH4C1 was added. The layers were separated and the aqueous 
phase was extracted with CH2C12. The combined organic layers were washed with brine, 
dried over MgS04 and concentrated in vacuo. 

5-(2-Methoxymethoxy-but-3-enyl)-2A6-trimethyl-[l,3]dioxin-4-one (27). 
According to general procedure B, the mixture of aldehyde 25 and alcohol 

26 (2:3, 323 mg) afforded the MOM protected product 27 (157 mg, 43% 

from aldehyde 25) as a colorless oil and recovered aldehyde 25 (58 mg, 

22%) after purification (EtOAcPE = 1:2). R/= 0.34. 'H NMR: 5.69 (ddd, ƒ = 

17.6,10.3, 7.6 Hz, 1H), 5.23-5.15 (m, 2H), 4.62 (d, ƒ = 6.6 Hz, 1H), 4.52 (d, ƒ = 6.6 Hz, 1H), 4.16 

(q, ƒ = 6.7 Hz, 1H), 3.31 (s, 3H), 2.51 (d, ƒ = 6.7 Hz, 2H), 1.99 (s, 3H), 1.62 (s, 3H), 1.61 (s, 3H). 

WC NMR: 165.0, 162.0, 137.8, 117.5, 104.7, 101.4, 94.0, 76.6, 55.3, 31.3, 25.1, 24.8,17.8. IR: 1716, 

1645. HRMS (EI) calculated for C13H20O5 256.1311, found 256.1304. 

/ 8-Methoxymethoxy-4,4,6-trimethyl-3,5-dioxa-tricyclo[4.3.0.117]decan-2-
one (28). According to general procedure A, irradiation of 27 (157 mg, 0.61 

mmol) for 3 h afforded the unstable cycloadduct 28 (159 mg, 100% crude 

yield) as yellow oil. The crude product was used immediately in the next 

reaction without further purification, m NMR: 4.40 (d, ƒ = 6.9 Hz, 1H), 4.37 (d, / = 6.9 Hz, 

1H), 4.31 (s, 2H), 3.92 (dd, ƒ = 6.6,1.6 Hz, 1H), 3.83-3.81 (m, 1H), 3.07 (s, 3H), 3.04 (s, 3H), 2.68-

2.66 (m, 1H), 2.54-2.44 (m, 4H), 2.07 (dd, ƒ = 12.3, 6.8, 2.9 Hz, 1H), 1.98 (d, ƒ = 6.6 Hz, 1H), 1.93 

(ddd, ƒ = 12.3, 6.8, 2.9 Hz, 1H), 1.69-1.65 (m, 1H), 1.47 (s, 3H), 1.41 (s, 3H), 1.39 (s, 3H), 1.36 (s, 

3H), 1.26 (s, 3H), 0.87 (d, / = 6.9 Hz, 1H), 0.77 (s, 3H). 

l-Hydroxymethyl-3-methoxymethoxy-5-methyl-bicyclo[2.1.1]hexan-5-ol 

MOMO 

(29). To a solution of LiAIH4 (IM in THF, 2.5 mL, 2.5 mmol) was added 
M O M O dropwise at room temperature a solution of the crude cycloadduct 21 (159 

mg) in THF (1.5 mL). The reaction mixture was stirred for 10 min. Then, the reaction was 

quenched by addition of EtOAc and saturated aqueous Na2S04 (10 drops) was added. The 

resulting mixture was stirred for 1 h. After addition of additional solid Na2S04 the mixture 

was filtered through Celite® and concentrated in vacuo. Purification by chromatography 

(EtOAc) afforded 29 (64 mg, 52% from 27) as a 1:1 mixture of diastereomers as a colorless oil. 

Ri = 0.33. 29a (OMOM down): iH NMR (C6C(,): 4.52 (s, 2H), 4.05 (dd, ƒ = 6.9,1.6 Hz, 1H), 3.60 

(s, 2H), 3.17 (s, 3H), 2.81-2.75 (m, IH), 2.49-2.48 (m, IH), 1.73 (ddd, / = 11.8, 6.9, 3.0 Hz, 1H), 

1.70 (d, ƒ = 6.6 Hz, IH), 1.32 (dd, ƒ = 11.8, 2.0 Hz, IH), 0.92 (s, 3H). « c NMR (C6C6): 96.2, 84.8, 

76.0, 63.1, 55.7, 55.3, 51.9, 37.3, 32.6, 18.8. 29b (OMOM up): 'H NMR (C6C6): 4.46 (s, 2H), 3.95 

(ddd, ƒ = 8.6, 2.9,1.7 Hz, IH), 3.67 (d, / = 11.6 Hz, IH), 3.53 (d, ƒ = 11.6 Hz, IH), 3.15 (s, 3H), 

2.81-2.75 (m, IH), 2.45 (dd, ƒ = 3.1, 1.6 Hz, IH), 1.63 (dd, ƒ = 11.8, 8.6 Hz, IH), 1.46 (ddd, / = 

11.8, 3.9, 3.1 Hz, IH), 1.46 (s, 3H), 0.77 (d, / = 7.0 Hz, IH). »C NMR (C6C6): 97.0, 85.2, 78.1, 

63.1, 56.2, 55.8, 52.2, 36.6, 35.6, 34.4, 20.2. HRMS (FAB) calculated for C10H19O4 (MH+) 
203.1283, found 203.1284. 
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[2+2] Cycloadditions with 6-methyldioxenones 

General procedure C for the Cr(II)/Ni(H) mediated coupling reactions. To a 

solution of aldehyde 25 in DMF (0.4M) at 0 °C were added CrCl2 (4 equiv.), NiCh (1 mol%) 

and the vinyl triflate/bromide (2.2 equiv). The mixture was allowed to warm to room 

temperature and stirred at room temperature for 20 h, unless indicated otherwise. Saturated 

aqueous NH4C1 was added and the aqueous phase was extracted with EtOAc. The combined 

organic layers were washed with water and brine, dried over MgS04 and concentrated in 

vacuo. 

5-(2-Cyclopent-l-enyl-2-hydroxy-ethyl)-2,2,6-trimethyl-[l,3]dioxin-4-

one (30). According to general procedure C, the reaction of aldehyde 25 

(221 mg, 1.2 mmol) with cyclopentenyl triflate14 afforded 30 (193 mg, 

64%) as a colorless oil after purification (EtOAcPE = 1:4). Rf = 0.13. 'H 

NMR: 5.62 (br, 1H), 4.40 (br, 1H), 2.61 (dd, ƒ = 14.5, 4.4 Hz, 1H), 2.49 (dd, ƒ = 14.5, 8.2 Hz, 1H), 

2.34-2.29 (m, 5H), 2.00 (s, 3H), 2.00-1.75 (m, 2H), 1.65 (s, 6H). IR: 3600-3300,1714,1644. HRMS 

(EI) calculated for C14H20O4 252.1362, found 252.1362. 

5-(2-Cyclohex-l-enyl-2-hydroxy-ethyl)-2,2,6-rrimethyl-[l,3]dioxin-4-
one (31). According to general procedure C, the reaction of aldehyde 25 
(325 mg, 1.76 mmol) with cyclohexenyl triflate15 afforded 31 (402 mg, 
86%) as a colorless oil after purification (EtOAcPE = 1:2). R, = 0.25. iH 

NMR: 5.62 (br, IH), 4.08-4.05 (m, IH), 2.51 (dd, ƒ = 14.4, 5.1 Hz, IH), 2.43 (dd, ƒ = 14.4, 7.7 Hz, 

IH), 2.38 (br, IH), 2.08-1.89 (m, 4H), 1.96 (s, 3H), 1.63-1.44 (m, 4H), 1.61 (s, 6H). »C NMR: 

164.5,163.0,139.4,122.5,104.7,102.4, 75.4, 31.2, 24.9, 24.7, 24.5, 23.6, 22.3,17.5. IR: 3600-3300, 

1705,1644. HRMS (FAB) calculated for C15H23O4 (MH+) 267.1596, found 267.1598. 

5-(2-Cyclopent-l-enyl-2-methoxymethoxy-ethyl)-2,2,6-trimethyl-[l,3]-
dioxin-4-one (32). According to general procedure B, alcohol 30 (123 

mg, 0.49 mmol) afforded the MOM protected product 32 (102 mg, 70%) 

as a colorless oil after purification (EtOAcPE = 1:3). Rf = 0.25. ]H NMR: 

5.59 (br, IH), 4.54 (d, ƒ = 6.5 Hz, IH), 4.46 (d, / = 6.5 Hz, IH), 4.37 (t, ƒ = 

6,9 Hz, IH), 3.29 (s, 3H), 2.55 (dd, ƒ = 14.2, 7.0 Hz, IH), 2.49 (dd, ƒ = 14.2, 7.0 Hz, IH), 2.32-

2.20 (m, 4H), 1.98 (s, 3H), 1.86-1.79 (m, 2H), 1.61 (s, 3H), 1.59 (s, 3H). «C NMR: 164.7, 161.9, 

143.3, 129.0, 104.6, 102.0, 94.0, 74.3, 55.4, 32.0, 30.3, 30.0, 25.1, 24.7, 23.2, 17.7. IR: 1706, 1632. 

HRMS (EI) calculated for C16H24O5 296.1624, found 296.1618. 

r 

5-(2-cyclohex-l-enyl-2-methoxymethoxy-ethyl)-2,2,6-trimethyl-[l,3]di-
oxin-4-one (33). According to general procedure B, alcohol 31 (215 mg, 

0.81 mmol) afforded 33 (213 mg, 85%) as a colorless oil after 

purification (EtOAcPE = 1:3). R/= 0.27. 'H NMR: 5.62 (br, IH), 4.56 (d, ƒ 

= 6.5 Hz, IH), 4.45 (d, ƒ = 6.5 Hz, IH), 4.05 (t, ƒ = 7.0 Hz, IH), 3.31 (s, 

3H), 2.56 (dd, / = 14.2, 6.8 Hz, IH), 2.49 (dd, ƒ = 14.2, 7.2 Hz, IH), 2.00-1.89 (m, 4H), 2.00 (s, 

3H), 1.63-1.45 (m, 4H), 1.63 (s, 3H), 1.61 (s, 3H). 13C NMR: 164.5, 161.9, 136.2, 126.4, 104.6, 
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102.2, 93.6, 79.8, 55.4, 29.6, 25.0, 25.0, 24.8, 22.8, 22.5, 22.4, 17.8. IR: 1710, 1644. HRMS (FAB) 

calculated for G7H27O5 (MH+) 311.1858, found 311.1858. 

/ \ 9 5-(2-ferf-Buryldimethylsilyloxy-2-cyclopent-l-enyl-ethyl)-2,2,6-tri-
^ y ^ Y ^ ° methyl-[l,3]dioxin-4-one (34). To a solution of alcohol 30 (120 mg, 0.48 

TBDMSO y^Q-À^ mmol) in DMF (2 mL) was added at 0 °C, imidazole (97 mg, 1.4 mmol), 

TBDMSC1 (144 mg, 0.96 mmol) and a catalytic amount of DMAP (5 

mg). The reaction mixture was allowed to warm to room temperature and after stirring for 

15 h the reaction was quenched by the addition of saturated aqueous NH4CI (2 mL). The 

layers were separated and the aqueous phase was extracted with Et20 ( 3 x 4 mL). The 

combined organic layers were washed with water (2 mL) and brine (2 mL), dried over 

MgSQi and concentrated in vacuo. Purification by chromatography (Et20:PE = 1:9) afforded 

34 (150 mg, 86%) as a colorless oil. R, = 0.20. 'H NMR: 5.49 (br, 1H), 4.51 (t, ƒ = 6.5 Hz, 1H), 

2.47 (dd, ƒ = 14.0, 5.6 Hz, 1H), 2.39 (dd, ƒ = 14.0, 7.4 Hz, 1H), 2.41-2.34 (m, 1H), 2.29-2.21 (m, 

3H), 1.97 (s, 3H), 1.86-1.78 (m, 2H), 1.62 (s, 3H), 1.60 (s, 3H), 0.84 (s, 9H), -0.02 (s, 3H), -0.04 (s, 

3H). "C NMR: 164.7,162.0,147.0,125.7,104.6,102.0, 70.9, 32.7, 32.0, 30.5, 25.9, 25.8, 24.2, 23.4, 

18.1, 17.9, -5.1, -5.2. IR: 1709, 1644. HRMS (EI) calculated for C2oH3404Si 366.2226, found 

366.2220. 

General procedure D for the oxidation of the alcohols. To a solution of oxalyl 

chloride (1.1 equiv) in CH2C12 (0.5M) was added dropwise at -60 °C -> -50 °C, DMSO (2 

equiv.), then after 5 min a solution of the alcohol in CH2C12 (0.5M), and finally, after 30 min 

triethylamine (5 equiv.). The mixture was stirred for 5 min, allowed to warm to room 

temperature and stirring was continued for 15 min. Water was added and the resulting 

mixture was stirred for 15 min. The layers were separated and the aqueous phase was 

extracted with CH2C12. The combined organic layers were washed with saturated aqueous 

NH4CI, saturated aqueous NaHCOj and brine, dried over MgS04 and concentrated in vacuo. 

5-(2-Cyclopent-l-enyl-2-oxo-ethyl)-2,2,6-trimethyl-[l,3]dioxin-4-one 
0 (35). According to general procedure D, the oxidation of alcohol 30 (161 

^ 0 ^ \ mg, 0.64 mmol) afforded ketone 35 (124 mg, 78%) as a colorless oil after 

purification (EtOAcPE = 1:3). R/= 0.30. 'H NMR: 6.89 (br s, 1H), 3.69 (s, 

2H), 2.58-2.24 (m, 4H), 1.94-1.91 (m, 2H), 1.93 (s, 3H), 1.73 (s, 6H). «C NMR: 194.5, 165.5, 

162.1,144.6,144.4,105.2, 99.9, 34.9, 33.9, 30.5, 24.7, 22.5,17.6. IR: 1718,1669. 

5-(2-cyclohex-l-enyl-2-oxo-ethyl)-2,2,6-trimethyl-[l,3]dioxin-4-one 

(36). According to general procedure D, the oxidation of alcohol 31 (312 

mg, 1.17 mmol) afforded ketone 36 (294 mg, 95%) as a colorless oil after 

purification (EtOAc:PE = 1:4). R, = 0.19. 'H NMR: 7.05 (br s, 1H), 3.63 (s, 

2H), 2.36-2.21 (m, 4H), 1.88 (s, 3H), 1.73 (s, 6H), 1.65-1.52 (m, 4H). » c NMR: 197.0, 165.4, 

162.2,140.8,138.6,105.3,100.3, 33.3, 26.1, 24.9, 23.1, 21.8, 21.4,17.4. IR: 1709,1651. HRMS (EI) 

calculated for C15H20O4 264.1362, found 264.1357. 
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[2+2] Cycloadditions with 6-mcthi/ldioxenones 

General procedure E for the preparation of the acetal protected products. To a 

solution of ketone in CH2C12 (0.3M) at -78 °C were added dropwise, (TMSOCH2)2 (2.5 equiv.) 

and TMSOTf (0.4 equiv.). The mixture was allowed to warm to 0 °C over 1 h and kept at 0 °C 

for 30 h. Saturated aqueous NaHCCb was added and the resulting mixture was stirred for 15 

min. The layers were separated and the aqueous phase was extracted with CH2C12. The 

combined organic layers were washed with water and brine, dried over MgSO.t and 

concentrated in vacuo. 

9 5-(2-Cyclopent-l-enyl-[l,3]dioxolan-2-ylmethyl)-2,2,6-tiimethyl-[l,3]-

_~>v^ | ? „ dioxin-4-one (37). According to general procedure E, ketone 35 (79 mg, 

""O \ 0-32 mmol) afforded acetal 37 (61 mg, 66%) as a colorless oil after 

purification (EtOAcPE = 1:6). R, = 0.13. >H NMR: 5.71-5.69 (m, 1H), 

3.93-3.90 (m, 2H), 3.87-3.82 (m, 2H), 2.82 (s, 2H), 2.43-2.39 (m, 2H), 2.33-2.27 (m, 2H), 2.01 (s, 

3H), 1.93-1.85 (m, 2H), 1.55 (s, 6H). «C NMR: 165.6, 162.2, 144.0, 127.9, 109.3, 104.2, 100.6, 

64.2, 32.2, 31.6, 31.4, 24.7, 23.6,18.1. IR: 1722,1644. 

5-(2-cyclohex-l-enyl-[l,3]dioxolan-2-ylmethyl)-2,2,6-trimethyl-
[l,3]dioxin-4-one (38). According to general procedure E, ketone 36 
(165 mg, 0.62 mmol) afforded acetal 38 (127 mg, 66%) as a colorless oil 

after purification (EtOAcPE = 1:4). R, = 0.24. iH NMR: 5.77 (br, 1H), 

3.84-3.82 (m, 2H), 3.76-3.72 (m, 2H), 2.73 (s, 2H), 2.05-2.03 (m, 2H), 1.98 (s, 3H), 1.96-1.87 (m, 

2H), 1.61 (s, 6H), 1.58-1.56 (m, 2H), 1.50-1.47 (m, 2H). »C NMR: 165.5, 162.2, 136.5, 123.7, 

111.0, 104.3, 100.9, 64.0, 31.6, 24.8, 24.7, 23.9, 22.5, 21.8, 18.2. IR: 1721, 1645. HRMS (FAB) 

calculated for G7H25O5 (MH+) 309.1702, found 309.1714. 

\~0 Cycloadduct 39. According to general procedure A, irradiation of 37 (64 mg, 

° J ~ l X 0.22 mmol) for 75 min. afforded 39 (64 mg, 100% crude yield) as a white 

I/- powder. The crude product was used immediately in the next reaction 

= ° \ without further purification. An analytically pure sample was obtained after 

chromatography (EtOAcPE = 1:3) to afford 39 as a white powder. Rf = 0.3. mp 126-127 °C. 

'H NMR: 4.03-3.82 (m, 4H), 3.13 (d, ƒ = 14.0 Hz, IH), 2.76 (br d, ƒ = 9.0 Hz, IH), 2.62 (d, / = 

14.0 Hz, IH), 2.13 (dd, ƒ = 13.4, 6.6 Hz, IH), 1.92 (dd, / = 14.2, 5.8 Hz, IH), 1.73-1.64 (m, 3H), 

1.60 (s, 3H), 1.53 (s, 3H), 1.48 (s, 3H), 1.42-1.36 (m, IH). «C NMR: 169.9, 106.8, 104.0, 74.8, 

67.4, 65.0, 64.6, 49.0, 39.0, 37.6, 29.2, 28.6, 27.7, 25.9, 25.6, 25.3. IR: 1729. HRMS (FAB) 

calculated for Ci6H2305 (MH+) 295.1545, found 295.1555. 

<{0 Cycloadduct 40. According to general procedure A, irradiation of 38 (127 

° s T n l t ^ mg, 0.41 mmol) for 90 min. afforded 40 (121 mg, 95%) as a colorless oil after 

f ? / purification (EtOAcPE = 1:2). R, = 0.40. JH NMR: 4.04-3.99 (m, IH), 3.95-

^ ^ \ 0 A 3.90 (m, IH), 3.85-3.80 (m, IH), 3.77-3.72 (m, IH), 3.14 (d, ƒ = 14.8 Hz, IH), 

2.70 (dd, ƒ = 9.1, 6.7 Hz, IH), 2.58 (d, ƒ = 14.1 Hz, IH), 1.98-1.89 (m, IH), 1.73-1.39 (m, 5H), 

1.58 (s, 3H), 1.55 (s, 3H), 1.51 (s, 3H), 1.26-1.13 (m, 2H). «C NMR: 169.2, 108.1, 104.5, 77.4, 
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65.0, 64.4, 58.1, 41.7, 41.1, 36.7, 29.5, 29.2, 24.1, 21.1, 20.9, 20.3, 18.6. IR: 1730. HRMS (FAB) 

calculated for G7H25O5 (MH+) 309.1702, found 309.1695. 

-̂  O Cycloadduct 41. According to general procedure A, irradiation of 32 (92 

— S^O rng, 0.31 mmol) for 30 min. afforded 41 (89 mg, 97%) as an inseparable 

—'-^(Y\ 1:1.3 mixture of diastereomers as a colorless oil after purification 

(EtOAc:PE = 1:2). R/= 0.27 and R/= 0.22. 'H NMR: 4.65 (d, ƒ = 6.8 Hz, 1H), 

4.60 (d, ƒ = 6.8 Hz, 1H), 4.59 (d, ƒ = 6.6 Hz, 1H), 4.55 (d, ƒ = 6.6 Hz, 1H), 4.36 (dd, ƒ = 5.9, 5.9 

Hz, 1H), 4.31 (dd, ƒ = 9.9, 5.9 Hz, 1H), 3.36 (s, 3H), 3.32 (s, 3H), 2.95 (dd, ƒ = 13.6, 9.9 Hz, 1H), 

2.88 (d, ƒ = 9.0 Hz, 1H), 2.80 (dd, ƒ = 13.6, 5.1 Hz, 1H), 2.58 (dd, ƒ = 13.6, 6.3 Hz, 1H), 2.35 (d, ƒ 

= 9,0 Hz, 1H), 2.25 (dd, / = 13.6, 5.9 Hz, 1H), 2.12-2.05 (m, 1H), 2.10 (dd, ƒ = 13.9, 6.8 Hz, 1H), 

1.94 (dd, ƒ = 13.8, 5.7 Hz, 1H), 1.83-1.66 (m, 3H), 1.82-1.36 (m, 4H), 1.60 (s, 3H), 1.55 (s, 3H), 

1.52 (s, 3H) 1.51 (s, 3H), 1.50-1.39 (m, 2H), 1.46 (s, 3H), 1.44 (s, 3H). «C NMR: 170.1, 104.3, 

103.9, 96.0, 95.3, 76.0, 74.5, 74.2, 62.2, 61.7, 55.6, 55.4, 54.2, 48.0, 42.6, 41.4, 31.6, 29.3, 29.2, 28.9, 

28.6, 27.4, 26.4, 25.8, 25.3, 25.1, 24.9. 

MOMO 

r-tlA Cycloadduct 42. According to general procedure A, irradiation of 33 (145 

O mg, 0.47 mmol) for 30 min. afforded 42 (120 mg, 83%) as an inseparable 

\ X " — = s o ' \ "^ m i x t u r e °f diastereomers as colorless oil after purification (EtOAcPE 

= 1:2). R/= 0.28. 1H NMR: 4.64 (d, ƒ = 6.6 Hz, 1H), 4.59 (d, ƒ = 6.6 Hz, 1H), 

4.57 (d, ƒ = 4.4 Hz, 1H), 4.55 (d, ƒ = 4.4 Hz, 1H), 4.15 (t, ƒ = 6.4 Hz, 1H), 4.04 (dd, ƒ = 9.7, 6.6 Hz, 

1H), 3.36 (s, 3H), 3.35 (s, 3H), 3.00 (dd, / = 13.4, 9.7 Hz, 1H), 2.79 (dd, ƒ = 9.7, 4.5 Hz, 1H), 2.74 

(dd, ƒ = 13.0, 6.5 Hz, 1H), 2.53 (dd, ƒ = 13.0, 6.4 Hz, 1H), 2.16 (t, ƒ = 7.4 Hz, 1H), 2.13 (dd, ƒ = 

13.4, 6.6 Hz, 1H), 2.00-1.00 (m, 8H), 1.59 (s, 6H), 1.56 (s, 3H), 1.52 (s, 6H) 1.45 (s, 3H). «C 

NMR: 169.8,169.1,104.8,103.9, 78.6, 77.0, 76.0, 55.5, 52.3, 52.2, 49.8, 43.7, 42.5, 31.2, 29.5, 29.4, 

29.1, 29.1, 28.4, 27.9, 24.7, 22.9, 21.6, 21.5, 20.9, 20.9, 20.8, 20.6, 18.4. IR: 1714. HRMS (EI) 

calculated for G7H26O5 310.1780, found 310.1776. 

TBDMSO 

ca n*» 
Cycloadduct 43. According to general procedure A, irradiation of 34 

(150 mg, 0.41 mmol) for 30 min. afforded 43 (146 mg, 97%) as an 

inseparable 3:1 mixture of diastereomers as a colorless oil after 

purification (EtOAcPE = 1:5). R, = 0.3. JH NMR: 4.43-4.39 (m, 2H), 2.94 

(dd, ƒ = 13.4, 9.5 Hz, 1H), 2.86 (d, ƒ = 9.0 Hz, 1H), 2.71 (dd, ƒ = 13.2, 5.3 Hz, 1H), 2.52 (dd, / = 

13.2, 5.3 Hz, 1H), 2.23 (d, ƒ = 8.5 Hz, 1H), 2.11-2.04 (m, 3H), 1.90 (dd, / = 14.2, 5.5 Hz, 1H), 

1.79-1.17 (m, 9H), 1.57 (s, 3H), 1.53 (s, 3H), 1.50 (s, 3H), 1.49 (s, 3H), 1.44 (3H), 1.42 (s, 3H), 

0.86 (s, 18H), 0.01 (s, 6H), -0.01 (s, 3H), -0.03 (s, 3H) »C NMR: 170.6, 104.2, 103.6, 76.1, 74.2, 

70.4, 65.6, 64.1, 62.6, 54.0, 47.2, 42.2, 41.3, 32.5, 31.9, 31.3, 29.2, 29.1, 28.8, 28.6, 27.1, 26.6, 25.7, 

25.6, 25.4, 25.0, 25.0, 24.9, 18.1, 17.9, -4.7, -4.8, -4.9. IR: 1716. HRMS (FAB) calculated for 

C2oH3504Si (MH+) 367.2305, found 367.2301. 
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MeO,C 

2-[l-Hydroxy-2-(2,2,6-trimethyl-4-oxo-4H-[l,3]dioxin-5-yl)-ethyl)-
cyclopent-1-enecarboxylic acid methyl ester (46). According to 

general procedure C, the reaction of aldehyde 25 (133 mg, 0.72 

mmol) with vinyl triflate 452' a t 50 °C for 18 h afforded 46 (164 mg, 

73%) as a colorless oil after purification (EtOAc:PE = 1:2). R, = 0.29. 'H NMR: 4.84-4.77 (br s, 

1H), 4.34-4.32 (br s, 1H), 3.74 (s, 3H), 2.80-2.71 (m, 2H), 2.70-2.55 (m, 4H), 2.10 (s, 3H), 1.89-

1.81 (m, 2H), 1.67 (s, 3H), 1.66 (s, 3H). 

MeO?C 

2-[l-Methoxymethoxy-2-(2,2,6-trimethyl-4-oxo-4H-[l,3]dioxin-5-yl)-
ethyl]-cyclopent-l-enecarboxylic acid methyl ester (47). According 

to general procedure B, alcohol 46 (117 mg, 0.38 mmol) afforded the 

MOM protected product 47 (73 mg, 55%) as a colorless oil after 

purification (EtOAcPE = 1:1). R, = 0.38. 'H NMR: 5.41 (t, ƒ = 14.2 Hz, 

1H), 4.54 (s, 2H), 3.71 (s, 3H), 3.34 (s, 3H), 2.78-2.45 (m, 6H), 2.07 (s, 3H), 1.90-1.73 (m, 2H), 

1.63 (s, 3H), 1.60 (s, 3H). »C NMR: 165.9,165.3,161.9,157.4,130.9,104.7,101.0, 95.4, 72.2, 55.8, 

51.2, 34.0, 33.1, 29.4, 25.4, 24.6, 21.6,17.7. IR: 1712,1642. HRMS (FAB) calculated for C18H27O7 

(MH+) 355.1757, found 355.1765. 

MOMO o 

JA, at 
MeO,C 

Cycloadduct 48. According to general procedure A, irradiation of 47 (61 

mg, 0.17 mmol) for 1 h afforded a 2:3 mixture of diastereomers 48a and 

48b (48 mg, 78%) as colorless oil after purification (EtOAcPE = 1:1). 

Repeated chromatography led to pure isomers. 48a: X-ray crystal 

structure determination was allowed after recrystallisation from CTbCh/pentane. Colorless 

crystals. Rf = 0.41. mp 62-64 °C. 'H NMR: 4.55 (d, ƒ = 6.6 Hz, 1H), 4.50-4.46 (m, 2H), 3.62 (s, 

3H), 3.32 (s, 3H), 2.91 (dd, ƒ = 13.7, 9.9 Hz, 1H), 2.63-2.56 (m, 1H), 2.29 (dd, ƒ = 13.7, 4.5 Hz, 

1H), 2.03-2.02 (m, 1H), 1.92 (s, 3H), 1.87-1.76 (m, 3H), 1.66-1.56 (m, 1H), 1.55 (s, 3H), 1.50 (s, 

3H). «C NMR: 174.2, 170.2, 104.3, 95.6, 77.9, 70.6, 65.0, 60.8, 55.4, 51.0, 40.5, 33.9, 32.8, 29.6, 

29.1, 28.6, 24.2, 23.4. IR: 1724. 48b: colorless oil. R/= 0.34. 'H NMR: 4.72 (t, / = 6.6 Hz, 1H), 4.68 

(d, ƒ = 6.6 Hz, 1H), 4.63 (d, ƒ = 6.6 Hz, 1H), 3.71 (s, 3H), 3.37 (s, 3H), 2.79 (dd, ƒ = 13.2, 6.5 Hz, 

1H), 2.58 (dd, ƒ = 13.1, 6.8 Hz, 1H), 2.55-2.52 (m, 1H), 2.11 (dd, ƒ = 12.4, 5.5 Hz, 1H), 1.77-1.44 

(m, 4H), 1.60 (s, 3H), 1.55 (s, 3H), 1.44 (s, 3H). "C NMR: 179.7, 173.1, 104.0, 95.4, 76.3, 70.3, 

65.0, 62.5, 55.4, 51.5, 40.2, 32.5, 31.4, 29.3, 28.4, 26.9, 23.2, 22.5. 

o 

v+â 
. o 

B-O^o 1 

07 U 

Crystallographic data for 48a: triclinic, P î , a = 7.4493(7), b = 

9.6161(8), c = 13.540(2) Â, a = 106.434(10), ß = 99.44(1), y = 95.661(9) °, 

V = 906.8(2) À3, Z = 2, Dx = 1.30 gcm-3, >i(CuKa) = 1.5418 À, u(CuKa) = 

8.30 cm-i, F(000) = 380, 248 K. Final R = 0.046 for 3197 observed 

reflections. 
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Table 2.4 Bond distances of the non-hydrogen atoms (A) of 48 (standard deviations) 
C(l)-C(2) 1.570(3) C(4)-C(5) 1.482(3) C(12)-C(13) 1.529(4) 

C(l)-C(4) 1.556(2) C(4)-C(12) 1.548(2) C(13)-0(4) 1.415(3) 

C(l)-C(16) 1.516(3) C(5)-0(l) 1.348(2) C(14)-0(4) 1.409(3) 

C(l)-0(2) 1.435(2) C(5)-0(3) 1.205(2) C(14)-0(5) 1.389(3) 

C(2)-C(3) 1.556(2) C(6)-C(7) 1.506(3) C(15)-0(5) 1.420(3) 

C(2)-C(9) 1.559(2) C(6)-C(8) 1.517(4) C(17)-0(6) 1.199(3) 

C(2)-C(17) 1.506(3) C(6)-0(l) 1.466(2) C(17)-0(7) 1.349(3) 

C(3)-C(4) 1.591(3) C(6)-0(2) 1.403(3) C(18)-0(7) 1.440(4) 

C(3)-C(ll) 1.512(3) C(9)-C(10) 1.526(4) 

C(3)-C(13) 1.547(2) qio)-C(ii) 1.523(3) 

Table 2.5 Bond angles of the non-hydrogen atoms (' ') of 48 (standard deviations) 
C(2)-C(l)-C(4) 89.9(1) C(ll)-C(3)-C(13) 123.2(2) C(9)-C(10)-C(ll) 105.2(2) 

C(2)-C(l)-C(16) 116.3(2) C(l)-C(4)-C(3) 89.7(1) C(3)-C(ll)-C(10) 102.9(2) 

C(2)-C(l)-0(2) 109.7(1) C(l)-C(4)-C(5) 118.8(1) C(4)-C(12)-C(13) 91.2(2) 

C(4)-C(l)-C(16) 117.2(1) C(l)-C(4)-C(12) 116.9(2) C(3)-C(13)-C(12) 90.9(1) 

C(4)-C(l)-0(2) 111.2(1) C(3)-C(4)-C(5) 119.4(2) C(3)-C(13)-0(4) 116.4(2) 

C(16)-C(l)-0(2) 111.0(2) C(3)-C(4)-C(12) 88.5(1) C(12)-C(13)-0(4) 112.7(2) 

C(l)-C(2)-C(3) 90.5(1) C(5)-C(4)-C(12) 116.4(2) 0(4)-C(14)-0(5) 112.3(2) 

C(l)-C(2)-C(9) 115.5(1) C(4)-C(5)-0(l) 118.5(2) C(2)-C(17)-0(6) 126.5(2) 

C(l)-C(2)-C(17) 119.3(2) C(4)-C(5)-0(3) 123.1(2) C(2)-C(17)-0(7) 110.3(2) 

C(3)-C(2)-C(9) 103.4(2) 0(l)-C(5)-0(3) 118.3(2) 0(6)-C(17)-0(7) 123.0(2) 

C(3)-C(2)-C(17) 119.2(1) C(7)-C(6)-C(8) 112.2(2) C(5)-0(l)-C(6) 119.5(1) 

C(9)-C(2)-C(17) 107.5(2) C(7)-C(6)-0(l) 105.2(2) C(l)-0(2)-C(6) 117.7(1) 

C(2)-C(3)-C(4) 89.1(1) C(7)-C(6)-0(2) 106.2(2) C(13)-0(4)-C(14) 114.2(2) 

C(2)-C(3)-C(ll) 108.4(1) C(8)-C(6)-0(l) 107.8(2) C(14)-0(5)-C(15) 112.6(2) 

C(2)-C(3)-C(13) 119.7(1) C(8)-C(6)-0(2) 115.1(2) C(17)-0(7)-C(18) 116.1(2) 

C(4)-C(3)-C(ll> 121.5(2) 0(l)-C(6)-0(2) 110.1(2) 

C(4)-C(3)~C(13) 89.0(1) C(2)-C(9)-C(10) 106.7(2) 

3-(2,2,6-Trimethyl-4-oxo-4H-[l,3]dioxin-5-ylmethylH,5,6,7-terrahy-

dro-3H-isobenzofuran-l-one (50). According to general procedure C, 

the reaction of aldehyde 25 (300 mg, 1.6 mmol) with vinyl triflate 4923 at 

50 °C for 7 h afforded 50 (375 mg, 79%) as a white powder after 

purification (EtOAcPE = 1:1). Rf= 0.28. 'H NMR: 4.99 (br, 1H), 2.89 (dd, ƒ = 14.8, 3.8 Hz, 1H), 

2.58 (dd, ƒ = 14.8, 6.4 Hz, 1H), 2.58-2.52 (m, 1H), 2.26-2.04 (m, 3H), 2.04 (s, 3H), 1.72-1.64 (m. 

4H), 1.66 (s, 3H), 1.57 (s, 3H). »C NMR: 172.9,167.1,163.7,161.7, 126.8,104.8, 98.6, 81.7, 27.9, 

25.7, 23.4, 22.9, 21.2, 21.2,19.8,17.9. IR: 1748,1706,1639. HRMS (FAB) calculated for Ci6H2i05 

(MH+) 293.1389, found 293.1395. 

Cycloadduct 51. According to general procedure A, irradiation of alkene 50 

(100 mg, 0.34 mmol) 1 h afforded 51 (95 mg, 95% crude yield), which was used 
0 in the next reaction without further purification. X-ray crystal structure 

determination was allowed after recrystallization from ŒbCh/pentane. 

Colorless crystals, mp 177-178 °C. 'H NMR: 4.54 (d, ƒ = 4.2 Hz), 2.39 (dt, ƒ = 13.3, 4.7 Hz, 1H), 

2.33 (dd, ƒ = 12.8, 4.2 Hz, 1H), 2.23-2.20 (m, 1H), 1.98 (d, ƒ = 12.8 Hz, 1H), 1.89-1.85 (m, 1H), 

1.81-1.61 (m, 2H), 1.73 (s, 3H), 1.64 (s, 3H), 1.56-1.40 (m, 2H), 1.40 (s, 3H), 1.05-0.93 (m, 1H). 
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"C NMR: 174.7, 164.9, 109.9, 83.2, 79.7, 62.1, 60.4, 51.5, 33.7, 31.1, 29.2, 21.8, 21.7, 21.4, 20.4, 

19.4. 

Crystallographic data for 51: monoclinic, P2i/c, a = 14.219(1), b = 7.3084(7), 

' c = 14.697(2) Â, ß = 111.05(1)°, V = 1425.4(3) À ,̂ Z = 4, Dx = 1.36 gcm-3, 

?i(CuKa) = 1.5418 À, u(CuKa) = 8.30 cm-', F(000) = 624, 248 K. Final R = 

0.056 for 2510 observed reflections. 

Table 2.6 Bond distances of the non-hydrogen atoms (À) of 51 (standard deviations) 
C(l)-C(2) 1.624(3) C(3)-C(15) 1.559(4) C(10)-C(ll) 1.537(4) 

C(l)-C(4) 1.552(4) C(4)-C(9) 1.526(3) C(ll)-C(12) 1.522(5) 

C(l)-C(5) 1.489(3) C(4)-0(2) 1.432(3) C(12)-C(13) 1.534(4) 

C(l)-C(14) 1.521(4) C(5)-0(l) 1.342(3) C(14)-C(15) 1.550(4) 

C(2)-C(3) 1.550(3) C(5)-0(3) 1.199(4) C(15)-0(4) 1.451(3) 

C(2)-C(10) 1.513(4) C(6)-C(7) 1.500(3) C(16)-0(4) 1.372(3) 

C(2)-C(16) 1.510(4) C(6)-C(8) 1.511(4) C(16)-0(5) 1.188(3) 

C(3)-C(4) 1.549(3) C(6)-0(l) 1.488(3) 

C(3)-C(13) 1.507(4) C(6)-0(2) 1.410(3) 

Table 2.7 Bond angles of the non -hydrogen atoms (' ') of 51 (standard deviations) 

C(2)-C(l)-C(4) 87.9(2) C(4)-C(3)-C(15) 101.9(2) O(l)-C(6)-0(2) 111.8(2) 

C(2)-C(l)-C(5) 115.2(2) C(13)-C(3)-C(15) 121.3(2) C(2)-C(10)-C(ll) 108.1(2) 

C(2)-C(l)-C(14) 101.9(2) C(l)-C(4)-C(3) 83.2(2) C(10)-C(ll)-C(12) 113.4(2) 

C(4)-C(l)-C(5) 119.4(2) C(l)-C(4)-C(9) 123.5(2) C(ll)-C(12)-C(13) 112.2(3) 

C(4)-C(l)-C(14) 100.9(2) C(l)-C(4)-0(2) 107.8(2) C(3)-C(13)-C(12) 110.6(2) 

C(5)-C(l)-C(14) 124.5(2) C(3)-C(4)-C(9) 115.3(2) C(l)-C(14)-C(15) 95.6(2) 

C(l)-C(2)-C(3) 80.9(1) C(3)-C(4)-0(2) 112.4(2) C(3)-C(15)-C(14) 102.4(2) 

C(l)-C(2)-C(10) 124.5(2) C(9)-C(4)-0(2) 111.6(2) C(3)-C(15)-0(4) 104.1(2) 

C(l)-C(2)-C(16) 114.0(2) C(l)-C(5)-0(1) 115.0(2) C(14)-C(15)-0(4) 104.7(2) 

C(3)-C(2)-C(10) 117.4(2) C(l)-C(5)-0(3) 125.0(2) C(2)-C(16)-0(4) 107.6(2) 

C(3)-C(2)-C(16) 104.6(2) 0(l)-C(5)-0(3) 119.6(2) C(2)-C(16)-0(5) 130.1(3) 

C(10)-C(2)-C(16) 110.7(2) C(7)-C(6)-C(8) 112.3(2) 0(4)-C(16)-0(5) 122.2(3) 

C(2)-C(3)-C(4) 90.7(2) C(7)-C(6)-0(l) 105.5(2) C(5)-0(l)-C(6) 122.2(2) 

C(2)-C(3)-C(13) 118.2(2) C(7)-C(6)-0(2) 115.8(2) C(4)-0(2)-C(6) 115.7(2) 

C(2)-C(3)-C(15) 91.5(2) C(8)-C(6)-0(l) 105.9(2) C(15)-0(4)-C(16) 104.9(2) 

C(4)-C(3)-C(13) 124.9(2) C(8)-C(6)-0(2) 105.3(2) 

5-(2-Hydroxy-3-methyl-but-3-enyl)-2,2,6-trimethyl-[l,3]dioxin-4-one 

(52). According to general procedure C, the reaction of aldehyde 25 (431 

mg, 2.3 mmol) with 2-bromopropene afforded 52 (527 mg) as a yellow oil. 

The crude product was used in the next reaction without further 

purification. iH NMR: 5.17 (br, 1H), 4.93 (br, 1H), 4.15 (dd, ƒ = 7.8, 4.4 Hz, 1H), 2.81-2.79 (br, 

1H), 2.54 (dd, ƒ = 14.6, 4.4 Hz, IH), 2.41 (dd, ƒ = 14.6, 7.7 Hz, IH), 1.97 (s, 3H), 1.73 (s, 3H), 

1.62 (s, 6H). 

5-(2-Hydroxy-(E)-pent-3-enyl)-2,2,6-rrimethyl-[l,3]dioxin-4-one (53). 

According to general procedure C, the reaction of aldehyde 25 (307 mg, 

1.7 mmol) with (E)-l-bromo-l-propene afforded an inseparable mixture 
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of starting material 25 and desired alcohol 53 (1:9, 254 mg) as a yellow oil. The crude product 

was used in the next reaction without further purification. JH NMR: 5.63 (dq, ƒ = 15.0, 6.4 Hz, 

1H), 5.28 (ddq, / = 15.2, 5.5,1.5 Hz, 1H), 4.12-4.07 (m, 1H), 2.53 (dd, ƒ = 14.4, 5.2 Hz, 1H), 2.46 

(dd, / = 14.4, 6.9 Hz, 1H), 2.00 (s, 3H), 1.69 (dd, ƒ = 6.4,1.5 Hz, 3H), 1.65 (s, 3H), 1.63 (s, 3H). 

5-(2-Methoxymethoxy-3-methyl-but-3-enyl)-2,2,6-trimethyl-[l,3]dioxin-
4-one (54). According to general procedure B, alcohol 52 (527 mg, 2.3 

mmol) afforded the MOM protected product 54 (437 mg, 69% from 

aldehyde 25) as a colorless oil after purification (EtOAc:PE = 1:4). Rf = 

0.20. m NMR: 4.93 (br, 1H), 4.91 (br, 1H), 4.55 (d, / = 6.5 Hz, 1H), 4.48 (d, ƒ 

= 6.5 Hz, 1H), 4.17-4.13 (m, 1H), 3.31 (s, 3H), 2.57 (dd, ƒ = 14.3, 6.1 Hz, 1H), 2.49 (dd, ƒ = 14.3, 

7.1 Hz, 1H), 2.01 (s, 3H), 1.72 (s, 3H), 1.64 (s, 3H), 1.62 (s, 3H). "C NMR: 164.8, 161.9, 143.9, 

114.0, 104.6, 101.8, 93.9, 79.1, 55.4, 29.9, 25.1, 24.8, 17.7, 16.8. IR: 1722, 1645. HRMS (FAB) 

calculated for G4H23O5 (MH+) 271.1545, found 271.1543. 

5-(2-Methoxymethoxy-(E)-pent-3-enyl)-2,2,6-trimethyl-[l,3]dioxin-4-
one (55). According to general procedure B, the mixture of aldehyde 25 
and alcohol 53 (1:9, 254 mg) afforded the MOM protected product 55 
(129 mg, 29% from aldehyde 25) as a colorless oil after purification 

(EtOAcPE = 1:4). Rf = 0.18. m NMR: 5.65 (ddq, ƒ = 15.2, 6.5, 0.5 Hz, 1H), 

5.30 (ddq, / = 15.2, 8.4, 1.6 Hz, 1H), 4.66 (d, ƒ = 6.6 Hz, 1H), 4.50 (d, ƒ = 6.6 Hz, 1H), 4.13-4.09 

(m, 1H), 3.32 (s, 3H), 2.53 (dd, ƒ = 14.1, 7.0 Hz, 1H), 2.48 (dd, ƒ = 14.1, 6.9 Hz, 1H), 2.00 (s, 3H), 

1.68 (dd, ƒ = 6.5, 1.6 Hz, 3H), 1.64 (s, 3H), 1.62 (s, 3H). "C NMR: 164.7, 161.9, 130.7, 129.5, 

104.6,101.7, 93.4, 76.1, 55.2, 31.4, 25.0, 24.7, 17.7,17.5. IR: 1722, 1647. HRMS (FAB) calculated 

for G4H23O5 (MH+) 271.1545, found 271.1550. 

MOMO, o 
3-Methoxymethoxy-4,6,8,8-terramethyl-7,9-dioxa-tricyclo[4.4.0.01'4]de-

can-10-one (56). According to general procedure A, irradiation of alkene 

54 (277 mg, 1.03 mmol) for 2 h afforded 56 (130 mg, 47%) as a colorless oil 

after purification (EtOAcPE = 1:3). R, = 0.24. m NMR: 4.58 (d, / = 6.6 Hz, 

1H), 4.53 (d, ƒ = 6.6 Hz, 1H), 4.06 (dd, ƒ = 9.8, 6.7 Hz, 1H), 3.32 (s, 3H), 3.07 (dd, ƒ = 13.5, 9.8 

Hz, 1H), 2.65 (d, / = 13.2 Hz, 1H), 2.11 (dd, ƒ = 13.6, 6.8 Hz, 1H), 1.93 (d, ƒ = 13.2 Hz, 1H), 1.56 

(s, 6H), 1.53 (s, 3H), 1.26 (s, 3H). »C NMR: 168.9, 104.9, 95.7, 77.1, 74.9, 55.4, 50.1, 42.4, 39.6, 

29.8, 29.3, 27.6, 23.0, 21.3. IR: 1729. HRMS (FAB) calculated for C4H23O5 (MH*) 271.1545, 

found 271.1539. 

MOMO. 

H. IK 
3-Methoxymethoxy-5,6,8,8-tetramethyl-7,9-dioxa-tricyclo[4.4.0.014]de-

can-10-one (57). According to general procedure A, irradiation of alkene 

55 (111 mg, 0.41 mmol) for 6.5 h afforded a mixture of straight adducts 

(7:2:1) 57 (40 mg, 36%) as a colorless oil after purification (EtOAcPE = 

1:7). Rf = 0.12. Main adduct: iH NMR (QD6): 4.49 (ddd, / = 9.6, 6.7, 4.3 Hz, 1H), 4.36 (d, / = 6.5 

Hz, IH), 4.34 (d, / = 6.5 Hz, IH), 3.28 (ddd, ƒ = 13.1, 9.6, 2.5 Hz, IH), 3.13 (s, 3H), 2.77 (dq, ƒ = 
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7.2, 4.7 Hz, 1H), 2.62 (ddd, ƒ = 6.8, 4.7, 2.5 Hz, 1H), 2.23 (dd, ƒ = 13.2, 6.9 Hz, 1H), 1.42 (s, 3H), 

1.22 (s, 3H), 1.13 (s, 3H), 1.07 (d, / = 7.2, 3H). IR: 1731. HRMS (FAB) calculated for G4H23O5 

(MH+) 271.1545, found 271.1552. 
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