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THIZ tachysterols are Y,lO-sew-steroidal trienes which have hitherto 

been obtained by the geometrical isomerisation of their 6,7-&-isomers, 

the preoalciferols, either by ultraviolet IA&t,' or by iodine and 

visible light. 
2 

In co@inuation of earlier studied' 4 on the 

synthesis of conjugated trienes related to the vitamins D we have now 

effected the first synthesis of tachysterol3 (III). 

We proposed to construct the 6,7-m-double bond by a Wittig 

reaction in tich the carbowl component was the bicyclic aldehyde (I). 

Since this implied the use5 of the hydroxyl-containing phosphcaaium 

bromide (II; X = PEbTBr-), a preliminary test was rmde. Theracemic 

diol (II; X = CBI) (di-E_nitrobemcete, m.p. 131-133') reacted with 

triphenyl phosphate bemylobrcmide6 and triphenylphosphine giving the 

I 
Rappoldt, Westerhof, Hanemld and Keve.rli.ng-Buismn, Rec. RaV. 

chim. Pays-Baa, a, 241 (1958). 

2 
Koevoet, Verlocp and Havinga, w., , 788, 1125 (1955); 

Inhoffen and Schaefer, Chum. Ber., 3 , 1126 (1959). 

3 Harrison and Lythgoe, J. them. Sot., 037 (1958), and earlier papers 
in the same series. 

4 Harrison and Lythgoe, J. them. Sot., 843 (1958). 

5 For a pevioua use of a hydroxyl-containing phosphcaium br&de in 
a Wittig reaction, see ref. 4. 

6 Laudauer and Rydon, J. them. Sot., 2224 (1953). 
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1414 Synthesis of tachysterolg No.21 

For the agnthaais of taobyatero13 

anopticd.lyactivuringAoompumt. 

remlw the ramto (II; x iai),an 

Citrrocrrio~~~bu~sllsfo~anadduat~ah, afterhjdrolyaia, 

givema k&o-add7 of hitherto mmrtain~truatma;wbeglnaeditto 

4-=tbyLwamlea, so establinbiag tbatitis 4-mt4Tloyalche~- 

3,4dicarbo@.io aoid. The hydroxy+oid (VI) obtaimd fromitby 

oatdytio reauotimgave, dopeMung on the OonditionD, either. Y-lmtalic 

aoid (VII) or a mre dablo 6-laotonic acid (V). The racenate (v), 

ep. 144-146° an resolved (quininu) into the antipodea m.p. 158~160°, 

143, - 78.5“ (QC13) md (not puita opUaU,v pure) m.p. 157-15Y", . 

7 Newman and Lloyd, J. orn Ghan, 1 577 (1952); 
NaJaaaroranaIcucharoT, Imat. A&. auk 8.8.S.E. Ot&l. khim. 
-,,I462 (1956). 
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Cal, + 770 (CE13); the latter, rbiob ku the abmolute ooafigumtim 

(v)mM uwafortkm ayntheais ortachymo13 It U@ hyarolyaed to 

the bydroqacia (VI), ap. I!%=+, Cu], - l&P (Etai), *oh u 

camertea iatotheY-lactcIw (VII). DegradaticQcfthecarbc2ylgrcup 

dAthlazi&andethanc~i~ cfthelaot~ringgave theadam-wter 

(VIII), ILp. 86-67.50, [CijQID + 13.50 (EMsi). Hhbylatica ad 

HoirrnrellarkYltiool~wtheasudeoptial3Ja~~rmutmr~e~~ 

(Ix)wbiobm~ oonmrtea into tim di-pnltxcbemcata, m.p. i41-142.5°, 

k@& l 330 (mp) of thedicl (Ix; x =cE). Thin w caiveed 

into the M@mdum bromide of absolute cmfiguraticn (XX; X - PPh;Br-). 

=- related to the aldeh@e8 (I) an 8,9-dcuble bed ia 

less stable than au 8,14_double bond (o.f. taohysterol ad 

iactachymterclg) an3 alno, aa it prcmd. leaa stable than a 9,ll-dcuble 

bed; thw acaiun~thcxide chagd the c%caj~tsa eher (xv; B =co.p> 

into tbu ~ugatea (Aysi’) imomr. We expected thst tima 

8 Thi~aldehydeia described as 8-forqvl-des-~-chol.e~t-8-em, and 
ahbored QI the chcleatane l yeem. 

9 Inhcff~, Bdohwr, 
(19%). 

Gr&delad'JW, Chem. Ber.,~, 1407 



1416 Synthesis of tachystero17 No.21 

circumstances might caue difficulty in preparing material of unambiguous 

structure (I), and we therefore chose to prepre this aldehyde in the 

first instance by degradation of cholesterol. 

intermsdiate in this process appeared to be the 

R = OH). We have obtained it by two different 

from the 3-methyl ether 
11 

of Yestphalen's dio1, 

seco-%id12 (X). Enol-lactonisation converted 

homx.nmllar diene (XI), rap. 112-1140, [a]D + 

An important 

hydrozq-acid (AIII; 

routes, one 
10 

startiw 

the other from; the 

the Latter into the 

274 rnp (IO-3& 7.7), which reacted13 with methyl acetyleneaicarboxylate 

giw the adduct (XII), m.p. 155'. 13 Therm1 isomerisation followed by 

hydrolysis then provided the acid (XIII; R = CH2:Ctie), m.p. 91*5', 

C0-I~ + 35.5' (CHC13). Ozonolysis gave the acid l4 (XIII; R = AC), 

anl by applying the Baeyer-Villiger method the acid (XIII; R = OH), n-p. 

133-l:15°, [a]D + 32.5’ (CRC1 ) was obtained. 
3 

Its epimek (XIV), 

bp. ~107-4080, \ajD + 12.70 (CRC1 
3 
) aas converted into the aethyl 

ester benzenesulphonate, which on treatment with alkali gave the 

unsaturated acid (XV; R = C02H), rap. 120.5-121'5°, [ajD - 17.5' 

(CIlcl:3), A”_? 224 "P (lo-3c 9.1). The corresponding pri!mry 

alcohol (XV; R = CH20H) WM oxidised by xmnganese dioxioe giving the 

aIdehyde (I), LEA: 235 mr. It ids chbracterised as the semi- 

carbaz~ne rap. 193-194°, [aiD - 35.50 (AcOH). 

IO &Al, Littlewood, Lythgoe and Marples. to be published. 

II Davis andfitrow, J. them. Soo., 2211 (1951). 

12 Gtither, Ph.D. Thesis, Leeds, 1958; 
Jacobs and Brownfield, J. A.n%zr. them. Sot., 2, 4033 (1960). 

l3 
=*&~&~,~~;y~J~~;; g;: ~~,'~,(;;;~)~,956)_ 

14 Fieser, Huang and Goto, w., 82, l6& (1960) have isolated this 
acid in low field by direct oxidation of cholesterol. 
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Reaction of the eJ.del@e (I) with the phonphorane derived fromthe 

bromide of absolute omfiguration (II; X = PPh.j+Br-) gave taohysterol3, 

isolated ae the 3,5-dinitro-4-msthylbcnsaate, ap. 136-)36s50, La], 

+ 320 (C6H6)' XRZ 270 (ins), 280 and 290 (Ml.) rnp (lo-J& 25.2, 

30.1 and 24'9). Anauthentic ee+mple, prepwedbyiod_ine-cat&wed 

isomerieation of preoaloif~rol~, had nip. 136-136'5" (lit. '5 137-1389. 

Lal, + 32*5", x*z 270 (i&l.), 280 and 2VO (infl.) rnp (<O-3& uc'3, 

29.3 iud 24-3). 

In a sjmilar -or the ennntimorph of the bromide (II; R = F'Fh;Br-) 

was prepared ard brought into reaction with the aldehyde (I), giving 

epitaobysterol 
3 
3,5_dinitro+u&hylbe~oete which, after ohramtographio 

purification, had [a], - 36' (C6H6) ard A_. identical with those 

of the tachysterol 
3 
ester; the inteneity data suggested it me * 94$ 

Van de Vliervoet, Weeterhof, Keverling-Buis_ anl Ravinga, a. 
hav. ohim. ELius-Bas, ;zs, 1179 (1956). 
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purr. It did not cryddl.ise per se, but addition of an equal amout 

of the tachysterol3 ester caused the sepration in wer 9op yield of 

crystals lap. 9O-91.50. Similar nrrterial had previously been obtained 

from the aldehyde (I) and the raceimte of the bromide (II; X t PFh.j+Br-). 

It wm not a true complex, since its [aI, g&. - 3“ (C6H6) ma slorly 

altered by repeated recrysta~isaticn. 

&d +.Jyp 
(XVI) (XW 

Ho&7_ ,d7 

(XW w ^ . . 

CsH17 

-Lx) 0 

cw 

_ ti7 + JJJ 4 0) 

bHOH 

(XXII) 

dmi 

(XXIII) 

The above experiments constitute formal total syntheses of tachystero13 

and epitach;ystero13, but we naturally wished to synthesise the aldehyde 

(I) trb initio. This work falls into two parts; first, the synthesis of 

the ketcme (XX); secondly, its transformtion into the aldehyde (I). 

Much previous work was available as precedent for the first Fart; we 

chose to start with the readily available I6 diketone (XVI) and have , 

16 
Nemmn anl Mekler, J.,am. ohem, Sot., g, 4.039 (1960). 
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converted it into the acid (XVII), pap. 165-166', and thence into the 

ketone (XVIII) (oxime, sop. 125.5'). we have still to prepare the 

optically active forms of the last two ccxqmmds, to add the C(l7) 

side-chain, and remcwe the protecting bensyl group to obtain the aloohol 

(Xrn). This alcohol has 3,5_dinitrobenmate lap. 105-l06~, 14, + 16.7~ 

(CHC13); the corresponding ketone (XX), which forms a semioarbazona 

&P. 195-1970, iaID + 57.50 (CHCl 
3 
) ws obtained by oxidation of the 

acid (XIII; R = OH), the intermdiate B-keto-acid losing carbon dioxide. 

This allomd the second part of the synthesis to be studied snd 

coqleted earlier. The ketone (XX) was converted into its dehydro- 

compoulla(Xm; the 2,l~dinitrophenylhydraraeoae bad m.p. 176-177O, 

Cal, + 21.90 (cIm3). The ketone (XXI) readily formsdahydroxy- 

mthylene compound (XXII) which on selective catalytic reduotion gave 

the hydroqn&hylene ketone (XXIII). When its isopropyl ether ms 

subjected to Dreiding 17 reduotim with lithium aluminium hydride it 

gave the aldehyde (I) in good yield. 

Satisfactory analytical figures were obtained for all compounds for 

which m.p. or CaJD values are cited above. 

17 Dreiding and Nickel, M., & 3965 (19%). 


