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I,, continuation of our investigations into the photoreactions and products originating 

from vitamin C33’4 and from provithn 03 [7-dehydrocholesterol13’5 we wish to report On 

several products.- other than the known tachysterolgr lumisterol3 and 7-dehydrocholesterols 

formed upon irradiation of previtamin G3. The presence of further compounds in the irradia- 

tion mixture has been described [e.g. toxisterol A60 an isomer of previtamin 07,and tbxi- 

sterol 8, an alcohol addition product71, but their structures have not been elucidated. Un- 

til now we have isolated mdidentified 6 compounds amongst whichthe product reported ast”xi- 

sterol A and two others that resemble toxisterol 6 in being alcohol adducts. 

In a typical experiment a solution of 1.5 g 7-dehydrocholesterol in 225 ml solvent 

was irradiated for 48 hrs (HP Hg arc, Pyrex apparatus). The temperature was carefully kept 

below 5’C to prevent the thermal conversion of previtamin 0 into vitamin D and subsequent 

photoreactions to suprasterols. The reaction mixture showed strong absorption at 244. 250 

and 260 nm when the irradiation was carried out in alcoholic solvents (MeOH, EtOH, n-PrOHJr 

Irradiation of solutions in ether resulted in mixtures showing no well-defined UV-absorption 

maxima. Components were Isolated and purified by repeated short-column chromatography 

fKleselge1 G, Merck). 

The major component, C,, of the irradiation mixtures (both In ether and in alcohol)ls 

a bicyclo(3.1.0) hexena derivative: mp. lIZor RFtbenzene/acetone 9/l, silicagel] 0.63~ Rs:M+ 

384. base peak 351 (N - H20 - CH31~ [m]ft’ [CHC131 + 141’~ UV [EtOHl AM, 227 nm tc=66001~ 

NMR [IO0 MHz. 6. COC131: 0.57 [a. CH3-161, 0.62 [s, Ui3-191, 3.50 cm. 3a-HI, 5.01 (d,J=l.S, 

7-HI. The formation of the bicyclo[J.l.O] h exene skeleton can be rationalised as a cyclo- 

addition starting from an excited ‘tZc’ conformer3. 

The etereochemistry of C, is of special interest. king to its substitution pattern the 

configuration of this product -an X-ray analysis of which is In progress- may be expected to 

yield more information on the mechanism of formation of the bicycle [3.1.0J system, which 

may Proceed by a symtry-allowed and stereochemicslly feasible ,T4 + *2 process’ or by a two- 

step reaction as described by Oauben et al9 . 
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There are indicationssthatastill another bicycle 

3.1.0 hexene derivative is present in the irradiation mixture. 

The two irradiation products largely responsible for the absorption at 244, 250 and 260 

nm are fonsed in alcoholic solution but not In ether. The two products are alcohol adducts 

[Msp Nml similar to but not identical with the toxisterol B described by Westerhof’. They are 

assigned structures 6, and a2 on the basis of tha foIlwing characteristics: w imax 244. 
250, 260 nm [similar to dOlydrotschystero1 ‘Ol, E250- 33.103 [6,1, &IO3 [B21j RF[benzene/ 
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acetone S/I, silicagel] 0.42 (6,). 0.46 (62); RS:M+ 430; NT% 16,-acetate): 9.56 (sXH3-q6)* 

1.19 [t,J=7, OCH,&l. 1.49 [s, CH3-191, 2.05 [s, 3-OAc),2.50-3.40 cm. 5 Protons. Qj2CH3. 

CH2-4, 5$-H), 4.60 [m, 3-H], 6.20 and 6.34 [both d,J=ll, 6-H and 7-H11 NMR (62-acetate): 

0.56 (s, CH3-161, 1.17 (t,J=7,‘JCH2Q& 1.31 [s,cH~-191, 2.05 (s, 3-DAc), 2.50-3.40 Cm.5 

protons, 0g2CH3, CH2-4, SS-HI, 4.56 cm. 3-H], 5.67 and 6.35 [both d,J=11.6-H and 7-H]. 

The choice between formulas 8, and 62 for the two adducts is mainly based on the chemical 

shifts of the CH3-19 groups. In structure B,CH3-19 is situated in the deshielding region of 

the 5-6 double bond and should consequently resonate at lower field. 

The formatlon of El and E2 can be visualized as resulting from 1,6-addition of alcohol to 

the excited triene system of previtamin 0 and/or tachysterol. 

Two compounds were isolated with a relatively low retention volume. One was identified 

as toxisterol A by comparison of its IR and NMR data with those of a sample isolated in ear- 

lier investigations by Stiefelhagen7, which had been checked against an authentic sample 

provided by Westerhof’. 

Although the UV-spectrum of this compound 
11 

- henceforth called toxisterol A, -strongly re- 

sembles that of ‘cis-isotachysterol’ , an 6 (141-previtamin O-isomer, no double bond isome- 

rization could be observed upon treatment with 12/hv. 

A1 and A2 show very similar spectral properties, such as a characteristic doublet of triplets 

for the C-3-proton, as results from coupling with one equatorial and two axial protons. The 

allylic CH3-19 protons are coupled with the (axial1 proton at C-4. The coupling pattern of 

the vinylic protons (A21 and the position of the UV-maxima indicate the presence of one of 

the conjugated double bonds in a 5-membered ring. 
13 

C-NMR reveals the presence of a new 

quaternary centrs [C-81. 

We feel that these characteristics are best accomodated by assuming a Spiro structure as de- 

picted in A1 2 
, 

for both compounds, the differences between A, and A2 resulting from the po- 

sition of the A/B part relative to the C/O part of the molecule. The assignment of configura- 

tion at C-6 awaits further spectral information. 

Some characteristic data are: 

Toxisterol A,. mp 94.5’ - 96.5’C i R,=[benzene, silicagell 0.571 UV Amax 251 nm, c=14.2 x IO31 

MS M+ 384, NMR. 0.69 (s, CH3-18). 1.67 cd, J=l 5, CH3-191. 2.51 cd, J=11.4-H1, 3.65 (d oft, 

J=3.5 and 5=11.3-HI. 6.27 [s.6-H and 7-H). double resonance irradiation at 2.51 changes the 

signal at 3.65 into a d of d [J=3 5 and J=ll) and the signal at 1 67 into a s. while irradi- 

ation at 3.65 results in a broad s at 2.51. 
13 

C-NNR shows two quaternary sp3-atoms and four 

sp2 
-atoms, two of which carry one, and two other no hydrogen atom. 

Toxisterol A2. RF (benzene, silicagal) 0 31. UV )i max 251 nm. E= 13.3 x IO31 MS M+ 384; 

NflR. 0.90 CS, CH3-181, 1.67 (d,J=1.5, CH3-191, 3.81 cd of t. J-3.5 and J=ll, 3-H). 6.06 

and 6.33 (both d. J=5.6-H and 7-H). On 3,5-dinitrobsnzoylation the 4-H signal appears at 

2.70 [d,J=ll) and the CH3-16 shifts to 0.69. 

A fourth category of irradiation products (O-series) arises from shifts and Z-E isom8ri- 

zatlons of double bonds. On8 isoJn8r [Cl) has bsen completaly characterized so far 12 
Re- 

levant data are RF ~benzene/ecatone S/l, silicag81) 0 71, MS M+ 3641 UV (EtOHI shoulder 

at 217 nm (c=70001 13, NMR 0.67 (81 CH3-16). 2 83 ICH2-71. 3 92 cm, 3o-HI, 4.73 and 4 93 
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The present Investigation revaals the importance of cycloadditlon to form bicycle 3.1.0 
C 3 

hsxens derivatives (toxlsterols Cl. besides the reactions leading to the three classical 

photoproducts of prevltamln 0. Furthermore we are able to account now for the occurrence 

of UV absorption around 250 nm, repeatedly reported in literature, and ascribed to the 

formation of toxlstarols. These are due to oyclopenteno-Spiro compounds (toxisterols A, 

absorption maximum at 251 nml and alcohol adducts [toxisterols 6, three-top spectra in 

the 240-260 nm region) Finally there exists a category of photoproducts (toxlsterols 01 

consisting of isomers with a conjugated or deconjugated trlena system. Thus a major gap 

that was remaining in the pattern of [prel vitamin 0 photochemistry3 is rapidly being 

filled. 
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