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69. Partial Xynthesis of Vitamins D, and D,. 
By H. H. INHOFFEN, K. IRMSCHER, H. HIRSCHFELD, U. STACHE, 

and A. KREUTZER. 

Syntheses of epi-vitamins D, and D, have been effected oq the lines used 
before for the natural series. Harrison and Lythgoe’s synthesis of vitamin 
D, rested on an unsuspected partial resolution by chromatography and led 
them to some erroneous identifications. 

AFTER preparation of 5 : 6-trans-vitamins D, and D, and their photoisomerisation to the 
natural (5 : 6-cis-)vitamins D, and D,,l-, the remaining problem for partial synthesis of 
the natural vitamins was separation of the 3-hydroxy-epimers. For this we used the 
mixture * of the ‘‘ dienolone ” ( I ;  R = C9H17) and its epi-isomer (11; R = C9H17), as well 
as the analogous mixture (I + 11; R = C8H17). Chromatography yielded, without 
difficulty, the two pairs of pure epimers; as expected each mixture was found to contain 
its epimers in a 1 : 1 ratio. 

The Wittig reaction, with methylenetriphenylphosphorane, converted the four hydroxy- 
ketones into the four pure triene-alcohols, namely, (111; R = C9H17 and CBH17) and the 
epi-forms (IV; R = and C8H17). 

Of these, the former pair (111) were identical with normal 5 : 6-trans-vitamin D, and D, 
re.~pectively.~s 6s Our photoisomerisation of this pair, by glass-filtered ultraviolet light, 
to the natural (5 : 6-cis-)vitamins D, and D, (V; R = CgHI7 and C&1, respectively) has 
already been described., We have now similarly photoisomerised the pure epi-5 : 6-trans- 
trienes (IV; R = CgH17 and &HI,) to the (new) epi-vitamins D, and D, (VI; R = C,H,, 
and CgH17 respectively). These have not yet crystallised; moreover, their esters do not 
crystallise well and have unsharp melting points. 

Harrison and Lythgoe8 have also reported a partial synthesis of vitamin D,. They 
photoisomerised our “ dienolone ” epimer mixture (I + 11; R = C9H17), by our method, 
before introducing the methylene group by the Wittig procedure. Esterification of their 
mixed product gave the esters of natural (3p-)vitamin D, and epi(3a)-vitamin D, in a 
1 : 3-ratio. However, in varying our procedure they chromatographed the dienolone 
epimer mixture (I +- 11) : they discarded a fraction (15%) consisting of epi(3cc)-rich dienolone 
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Partial Synthesis of Vitamins D, and D,. 
thus producing unwittingly a mixture rich in normal @-)form and so eventually the 
unequal proportions of esters which they recorded. In fact the epimeric esters cannot be 
separated by crystallisation as described if the original 1 : 1 ratio of the mixture (I + 11) 
is maintained. (In the strict sense Harrison and Lythgoe's synthesis is thus not 
reproducible.) Harrison and Lythgoe's so-called epi-vitamin D, is, further, a 1 : 1 epimeric 
mixture. Our earlier sample of trans-vitamin D, is, as stated, a mixture (cc : p = 87 : 13) 
and not " practically pure epi-vitamin D, " as Harrison and Lythgoe believed. 

EXPERIMENTAL 
Rotations refer to benzene solutions unless otherwise stated. Am. are for ether solutions. 

Light petroleum had b. p. 40-60'. 
Separation of DienoZones.-(a) The dienolone epimer mixture 4 (I + 11; R = C0Hl7) (2.9 g.) 

was chromatographed in 85 : 15 benzene-ether on alumina (580 g.; Woelm, neutral, grade 2). 
After rejection of two fractions (together 3.4 l.), fractions 3 and 4 (together 3 1.) yielded com- 
pound (I;  R = CoH17), which after crystallisation from ether-light petroleum (yield, 0.71 g., 
25%), had m. p. 142.5-144', [a], 218", Am=. 300 my (E 25,200) (Found: C, 81-3; H, 10.4. Calc. 
for C27H,,O2: C, 81.4; H, 10.6%). After removal of intermediate fractions 5-8 (total 2 l.), 
fractions 9-23 (8 1.) afforded, after recrystallisation, the epi-form (0.69 g., 24%), m. p. 132- 
133.5', [ailD +106O, A,, 300 my (E 26,200). 

(b) Similarly, the mixture (I -k 11; R = CaH17) (4 g. ; m. p. 143-143*5", [aJD + 143", A,, 
301 mp (E 26,800) (Found: C, 80.9; H, 10.8. Calc. for C2,H4,02: C, 80.8; H, 10-95%)), gave 
the compound ( I ;  R = C,H17) (1.45 g.), m. p. 141-141.5°, [a], +200', and the epi-form (11; 
R = C,H17) (1.53 g.), m. p. 125-126", [a], +88'. 

Wittig Reactions.-The pure dienolone (I ; R = CoH17) (0.45 g.) and methylenetriphenyl- 
phosphorane (2-1 g.) in ether were boiled for 3 hr.; the product, isolated in the usual way, was 
chromatographed on alumina (45 g.) in 7 : 3 light petroleum-ether. The fraction with A,, 
272-273 mp crystallised from a similar solvent mixture, giving a triene (111; R = C,H,,) 
(0.2 g., 45%), m. p. 98-5-101°, [a], +216', identical with 5 : 6-trans-vitamin D2.697 

Similarly, the epimeric dienolone (11; R = C9H17) (0.45 g.) gave the epi-triene (IV; 
R = CoH17) (0.19 g., 43%), m. p. 129.5-131.5O, [a], +52.5', A,, 272-273' my (E 24,500) 
(Found: C, 85.0; H, 10.4. C2,H4*0 requires C, 84.8; H. 11.2%). 

(0.45 g.) gave the triene (111) 
(0.16 g., 36%), m. p. 88-92", [a], +212' (in ether), identical with 5 : 6-trans-vitamin D, ,97;  

and the epi-compound (11) (0.75 g.) gave the epi-triene (IV) (0.22 g.), m. p. 114-116', [a], 
+47', A,, 272-273 mp (E 25,800). 

Photoisomerisations.-Irradiation, effected as before,, of the epi-triene (IV; R = CBH17) 
(0.94 g.) for 9 hr. and chromatography in 7 : 3 light petroleum-ether on alumina (150 g.) gave 
the (5 : 6-cis-)epi-vitamin D, (VI) as an oil (0.37 g.), A,, 265 my (E 14,800), whose 3 : 5-dinitro- 
benzoate (0.22 g.) had m. p. 97-loo', [a], +a0. 

The epi-triene (IV; R = C,H17) (0.4 g.), on irradiation for 8-5 hr. and chromatography (on 
alumina, 75 g.), gave an oily (5 : 6-cis-)epi-vitamin D, (VI) (0.19 g.), A,, 265 my (E 14,000), 
whose 3 : 5-dinitrobenzoate (0.07 g.) had m. p. 96-100", [aID - 1' (Found: C, 70.5; H, 8.2; 
N, 4.9. 

Also, in the D, series, where R = CSH1,, the dienolone (I) 

C,4H,,0,N, requires C, 70.6; H, 8.0; N, 4.8%). 
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