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Vitamin D3 ( la )  undergoes an obligatory two-step me- 
tabolism to produce its biologically active form, loi,25- 
dihydroxyvitamin D3 ( lb),3 which acts biomechanistically 
like other classical steroid h ~ r m o n e s . ~ , ~  The la-hydroxyl in 
l b  appears to be critical for biological activity. Significant 
in this respect is the recent observation of the high biopo- 
tency of 3-deoxy-la-hydroxyvitamin D3 ( IC) ,  which we re- 
cently reported.1b,6 In fact, IC was able to elicit a greater 
maximum in intestinal calcium transport than the natural 
metabolite lb. We rationalized this phenomenon in terms 
of a refined topological model for vitamin D3 activity, 
which has, as a necessary requirement, an equatorial orien- 
tation of the la-hydroxyl group.laS6 In order to further 
probe this structure-function relationship, we have more 
recently directed our attention toward the synthesis of A - 
homo- and A-norvitamin D3 analogs. This note describes 
the preparation of 3-deoxy-A -homovitamin D3 (2). 

Because the synthesis of hydroxyl-substituted deriva- 
tives of 3 entails considerable effort, and since it was not 
obvious that 3 would isomerize by the well-known’s8 (in the 
six-membered ring A series) two-step process to 2, this 
model synthesis was carried out. This paper also demon- 
strates the conversion of the A6-olefin 5 to the provitamin 
(A5.;-diene) 3. Previously, only A5-olefins had been used to 
obtain such provitamins.9 

DiazomethanelO was reacted with 5a-cholest-6-en-3- 
onell (6) in ether-methanol using the ex situ method12 to 
afford the A- homo ketone mixture 7 in 58.5% yield. Nmr 
(300 MHz) analysis showed the mixture to contain a 60:40 
ratio of 7a to 7b. Preparative high-pressure liquid chroma- 
tography resolved the mixture into pure 7a and pure 7b. 
Catalytic hydrogenation of 7a afforded the known A - 
homo-5oi-cholestan-3-one (8a) 13-15 and similar reduction of 
pure 7b afforded the known 4-ketone (8b).13 Catalytic hy- 
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drogenation of 7 followed by Wolff-Kishner reduction gave 
the known A -homo-5a-cholestane (9).l6J7 Similar Wolff- 
Kishner reduction of mixture 7 afforded 83% 5. 

Figure 1. The 300-MHz nmr spectrum of 3-deoxy-A -homovitamin D3 in CDC13 containing CHCls and TMS as internal standards 2180 Hz 
apart. 
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The A6-olefin 5 was treated successively wi th  1,3-di- 
bromo-5,5-dimethylhydantoin and then t r imethyl  phos- 
phi tegb  to  afford a 39% yield of t h e  provi tamin  3 along wi th  
lesser amounts of A -homocholesta-4,6-diene (IO). The 
s t ruc tu res  of 3 and 10 were particularly ev ident  f rom the i r  
n m r  and uv  spectra. Finally, it was  gratifying to observe 
that after some experimentation, the A -homoprovi tamin  3 
could be isomerized to  3-deoxy-A -homovi tamin  D3 (2). It is 
in te res t ing  that previ tamins  in  the s ix-membered  A-ring 
series a r e  usually isolated when provi tamins  are i r rad ia ted  
unde r  the conditions specified in t h e  Exper imenta l  Section. 
In fac t ,  it has been our usual practice to  heat such previ- 
t a m i n s  for several  hours at -70' to  effect isomerization t o  
the vitamins.  However,  i n  the case of 3, the initially formed 
previ tamin  was not observed even  though  a t empera tu re  of 
<30° was main ta ined .  The 300-MHz n m r  spec t rum of 2 
(Figure 1) is in  accord wi th  t h e  assigned structure.le Stud- 
ies now in  progress a r e  d i rec ted  toward  prepar ing  A -homo- 
v i tamins  hydroxylated in the A ring. 

Experimental Section 
General.  Infrared (ir) spectra were obtained with a Perkin 

Elmer 137 or 621 spectrophotometer and ultraviolet (uv) spectra 
with a Cary Model 14 spectrophotometer. Xuclear magnetic reso- 
nance (nrnr) spectra were recorded with a Varian spectrometer2 
with deuteriochloroform as solvent and tetramethylsilane (TMS, T 

10.00) and chloroform ( T  2.74) as the internal st,andards. Mass 
spectra were obtained with a Hitachi-Perkin-Elmer RMU-6D 
spectrometer. Microanalyses were performed by C. F. Geiger, On- 
tario, Calif. Melting points (mp, Thomas Hoover capillary melting 
point apparatus) are uncorrected. Low boiling petroleum ether 
(30-60') is designated as lbpe. 

A -Homo-5a-cholest-6-en-3- and  -&one (7). The starting ma- 
terial 6 was prepared by previously described methods from cho- 
lesterol.'l An ether solution of diazomethane, prepared from a 
mixture of ether (320 ml), diglyme (220 ml), aqueous sodium hy- 
droxide (30%, ,19 ml), and N,N'-dinitroso-Ai,N'-dimethylter- 
phthalamide (70% suspension, 17.7 g, 0.12 mo1),lo was distilled 
over a 2.5-hr period into an ice cooled magnetically stirred solution 
of 6 (6.645 g, 0.0173 mol) in a mixture of ether (200 ml) and metha- 
nol (320 m1).12 The solution was maintained at  El" for 3.5 hr and 
then at  room temperature overnight. The colorless ether solution, 
upon concentration, afforded 7.2 g of crude, white solid. Column 
chromatography (120 g, Woelm neutral I11 alumina) was carried 
out by eluting with lbpe and ether-lbpe mixtures. Early fractions 
contained material (1.96 g) which was tentatively identified as an 
epoxide (ir, no C=O stretch; nmr), but this material was not inves- 
tigated further. Later fractions afforded material (5.19 g) which 
upon crystallization from methanol (175 ml) gave the homo ketone 
mixture 7 (4.03 g, 58.5%) with mp 97--98O [ir (C%14) vlnax 1705 cm-l; 
mass spectrum (80 eV) m/e 398 (parent ion)]. In other runs, the 
yield of pure ketone mixture varied between 45 and 60%. The mix- 
ture consisted of a 40:60 ratio of 7b/7a as determined by examin- 
ing the ratio of olefinic resonances and Clg angular methyl group 
resonances in the 300-MHz nmr spectrum. 

Isolation of P u r e  7a and  7b. The purified mixture 7 was 
subjected to preparative high-pressure liquid chromatography 
(hplc) (Waters Associates model ALC-202,-401; 8 ft. X 3/8 in. porasil 
A preparative column; diisopropyl ether as solvent using a refrac- 
tive index detector; 200 mg of 7 in 2 ml of diisopropyl ether injec- 
tions) and two fractions were collected [faster eluting component 
(7b, minor) and more slowly eluting component (7a, major)]. Each 
fraction after concentration afforded residues which were individ- 
ually recrystallized from methanol. The properties of pure 7a and 
7b, each homogeneous to analytical hplc, were as follows. 

7a (major): white needles; mp 91.0-92.0' (lit .lj  mp 91-92'); 
mass spectrum mle 398 (parent ion); nmr (300 MHz) 7 4.51 and 
4.79 (He,?, AB q,  J A B  - 10.0 Hz),  9.09 ( C ~ I - C H ~ ,  d: J - 6.5 Hz), 
9.14 (C26,2~-2CH3, d, J - 6.5 Hz), 9.18 (C19-CH3, s), and 9.31 
(C18-CH3, s); 7b (minor), white needles, mp 123.5-124.0° (lit.]% mp 
126-27'); mass spectrum mle 398 (parent ion); nmr (300 MHz) r 
4.42 and 4.87 ( H G , ~ ,  AB q, J A B  - 10.0 Hz), 9.09 (C21-CH3: d, J - 
6.5 Hz), 9.14 (C26,2,-2CH3, d, J - 6.5 Hz), 9.28 (Clg-CHZ, s), and 

Reduction of P u r e  7a and  7b. The 3-one 7a (40 mg) and 10Yo 
Pd/C (5 mg) in ethanol (10 ml) were subjected to hydrogenation. 

9.31 (CIS-CH~, s). 

After work-up and recrystallization of the product, pure Sa with 
mp 80.5-82.0' (lit.13C mp 83-85O) was obtained. 

Identical reduction of pure 4-one 7b afforded pure Sb with mp 
94.0-95.5' (lit,i3c314 mp 96-97O). 

Conversion of Mixture  7 to A -Homo-5a-cholestane (9). The 
ketone mixture 7 (0.500 g, 0.0125 mol) and 10% palladium on char- 
coal (100 mg) in absolute ethanol (125 ml) absorbed 40 ml of hy- 
drogen (0.016 mol, 24' (733 mm)) over a 4-hr period. The catalyst 
was removed by filtration and thoroughly washed with ether. The 
filtrate upon evaporation afforded 470 mg of crude white solid 
which was identical with a mixture of A -homo-5ol-cholestan-3-one 
and +one prepared by diazomethane ring expansion of 50- 
cholestan-3-one. 

The entire crude white solid was dissolved in diethylene glycol 
(30 ml) in a 100-ml three-necked round-bottom flask fitted with a 
condenser, thermometer, and a nitrogen inlet. Hydrazine (5 ml) 
and potassium hydroxide (0.85 g) were added and the mixture was 
refluxed at  135' for 1 hr. The condenser was replaced with a distil- 
lation head and the reaction temperature was allowed to rise to 
235". After 3.5 hr, the mixture was cooled and water (50 ml) was' 
added. The mixture was extracted with ether (2 X 75 ml) and then 
the ether solution was washed with water (2 X 50 ml), dried (sodi- 
um sulfate), and then concentrated to a yellow oily residue. Chro- 
matography (15 g, Woelm neutral I) with lbpe afforded 230 mg of a 
white solid. Crystallization from methanol (50 ml) afforded pure 
A -homo-50-cholestane (9) with mp 87.5-89.0° (lit.16 mp 92-94'): 
nnir (300 MHz) T 9.11 (C21-CH3, d, J - 6.5 Hz), 9.14 ( C 2 6 , 2 i -  

2CH3, d , J  - 6.5 Hz),9.26 ( C ~ ~ - C H ~ , S ) ,  and 9.36 (C18-CH3,s). 
A -Homo-5a-cholest-6-ene (5). The Wolff-Kishner reduction 

of ketone mixture 7 was carried out in the same manner as de- 
scribed in the immediately preceding section16 (7, 2.0 g, 0.0050 
mol; diethylene glycol, 120 ml; KOH, 3.6 g; hydrazine 20 ml). After 
work-up and chromatography (50 g of Woelm neutral I with lbpe). 
the crude product (2.0 g) was crystallized (absolute ethanol) to af- 
ford 1.60 g (83%) of pure 5: mp, 96.0-97.5'; nmr (300 MHz) T 4.53 
and 4.79 (Hs.7, AB q, J A B  - 10.0 Hz), 9.10 (Czl-CHs, d ,  J - 6.5 
Hz), 9.14 (C26,2j-2CH3, d, J - 6.5 Hz), 9.26 (C19-CH3, s), and 9.32 
(C18-CHZ1 SI. 

Several recrystallizations afforded the sample submitted for 
analysis. 

Anal. Calcd for C28H48: C, 87.42; H, 12.58. Found: C,  87.15; H, 
12.88. 

A -Homo-5a-cholesta-5,7-diene (3)  and  A -Homo-5a-cho- 
lesta-4,6-diene (10). To a refluxing solution of 5 (1.935 g, 0.00503 
mol) in 1:1 benzene-lbpe (80 ml) was added powdered 1,3-di- 
bromo-5,5-dimethylhydantoin (1.0 g, 0.0035 mol) a t  once. The re- 
fluxing solution turned pale yellow immediately and then lemon 
yellow within 5 min. After a total of 15 min at  reflux, the mixture 
was ice cooled and then filtered to remove the precipitated 5,5- 
dimethylhydantoin (ice cold lbpe washings). The solution was con- 
centrated to a yellow oily residue under vacuum a t  below room 
temperature. 

The residue in xylene (20 ml) was added dropwise under nitro- 
gen to a magnetically stirred, refluxing solution of trimethylphos- 
phite (3.0 ml) in xylene (60 ml). After 1.5 hr of reflux, the mixture 
was cooled and then concentrated to dryness under high vacuum. 
The resulting yellowish brown semisolid was chromatographed 
over 100 g of 10?h silver nitrate impregnated Woelm neutral alumi- 
na. The elution was carried out successively with lbpe and et 
lbpe mixtures. Earlier fractions afforded 1.079 g of crude 
diene 3 which upon crystallization afforded 750 mg (39%) of mate- 
rial with mp 75.5-77.0". Later fractions afforded 435 mg of a mix- 
ture of 10 (mainly) and starting material 5. Crystallization of the 
mixture afforded pure 10. 

The A5,T-diene 3 exhibited the following: nrnr (300 MHz) T 4.46 
and 4.63 ( H ~ , T ,  AB q ,  J A B  - 6.0 Hz; B further split into t, J - 2.8 

(C26,27-2CH3, d ,  J - 6.5 Hz), and 9.40 (C18-CH3, s); uv (ether) 
A,,, ( c )  255 sh (5660), 266 sh (9870), 274 (13,800), 285 (14,100), 297 
(7790) nm. Several recrystallizations afforded the sample submit- 
ted for analysis. 

Anal. Calcd for Cz8H& C, 87.88; H,  12.12. Found: C, 88.12; H, 
12.27. 

The A4%6-diene 10 exhibited the following: nmr (300 MHz) T 4.13 
(HT, dd, J - 10.0, 2.5 Hz),  4.48 (H4a t, J - 6.4 Hz), 4.53 (HE, d ,  J - 10.0 Hz),  9.03 (C19-CH3, s)? 9.09 (C21-CH3, d ,  J - 6.5 Hz), 9.13 

Hz),  9.06 (C21-CH3, d ,  J - 6.5 Hz),  9.10 (C~Y-CHB, s), 9.13 

(C26,27-2CH3, d ,  J - 6.5 Hz), and 9.29 (C18-CH3, s); uv (ether) 
A,,, 238 nm. 

Repeated recrystallization of this material afforded the sample 
submitted for analysis, mp 88.5-89.5'. 
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Anal. Calcd for  C28H4& C, 87.88; H, 12.12. F o u n d  C, 87.49; H, 
12.45. 

3-Deoxy-A -homovitamin DB (2). T h e  photochemical appara- 
tus  consisted o f  a Hanovia quar tz  immersion wel l  (Cat. No.  19434) 
f i t ted  w i t h  a 125-ml reaction vessel (equipped w i t h  a condenser 
and nitrogen inlet) and a Hanovia 200-W medium-pressure mercu- 
ry arc (Cat. No. 654A-36) w i t h  a No.  9700 Corex f i l ter  sleeve. T h e  
lamp was prewarmed for  15 min before exposing the  ice cooled 
reaction solut ion t o  i r rad iat ion fo r  3.0 min. T h e  solut ion was 
purged thoroughly w i t h  nitrogen pr io r  t o  and dur ing  the  irradia- 
t ion. Four  i r rad iat ion mixtures (125 m g  o f  3/100 ml of ether each; 
500 mg total) were pooled and concentrated a t  <30° under vacuum 
t o  af ford a n  oi ly semicrystalline residue. Nmr and uv analysis indi- 
cated the residue t o  contain ma in ly  a mix tu re  o f  3 and 2. Chroma- 
tographic separation (140 g, 10% silver n i t ra te impregnated Woelm 
neutra l  a lumina prepared w i t h  Ibpe, 28-mm diameter column) was 
carried ou t  using lbpe and lbpe-ether combinations. 

Ear ly  fractions afforded start ing mater ia l  3 (256 mg, 51%) while 
later fractions proved t o  be the  homovi tamin D 2 (90 mg, 18Oh; 37% 
based o n  recovered 3). T h e  semicrystalline homovi tamin is  exceed- 
ing ly  air-sensitive. Pr io r  t o  measuring any of i t s  physical proper- 
ties, it was pur i f ied by rechromatography (w i th  lbpe on a 15-g 
Woelm neutra l  1 column) and the single fract ion obtained was 
evacuated t o  dryness. T h e  nmr spectrum (300 MHz) shown in Fig-  
ure 1 revealed the following: 7 3.74 and 3.97 (&,.is AB q, JAB - 
11.0 Hz), 4.93 Hlm, br w i t h  a f ine structure, W - 6 Hz), 5.12 
( H I ~ E ,  d, J - 2.2 Hz; W - 5 Hz), 7.18 (Hsp, d, J - 12 Hz), 7.67 
(Hln,lp,4ae,4sBi br s, W - 13 Hz), 9.08 (C21-CH3, d, J N 6.5 Hz), 
9.14 (C26,2.i-2CH~, d, J - 6.5 Hz), and 9.46 (C18--CH3, s); u v  (95% 
ethanol) cmax ( e )  244 sh (14,000), 252 (16,300), 261 (16,400), 275 br 
sh (15,100) and Amin 230 (10,700) nm; mass spectrum (80 eV) mle  
382 (parent ion). 

Registry No.-2, 52920-82-8; 3, 52920-83-9; 6, 52920-84-0; 6, 
52949-49-2; 7a, 35569-96-1; 7b, 35569-95-0; 9, 24366-12-9; 10, 
52920-85-1; diazomethane, 334-88-3; 1,3-dibromo-5,5-dimethylhy- 
dantoin, 77-48-5. 
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During an investigation of the chemical reactivity of 4- 
phenyl-1,2,4-triazoline-3,5-dione (3), we observed that 
reaction mixtures in dry (molecular sieves) dimethyl sulf- 
oxide (DMSO) containing 4-phenylurazole (1) turned 
bright red and emitted an unpleasant odor upon addition 
of trichloroacetyl isocyanatell (2a). DMSO has been used 
in a number] of oxidizing systems in recent years, eg . ,  
DMSO-dicyclohexyl carbodiimide--H3P04,2 DMSO-acetic 
anhydride3a (and similar systems 3b), DMSO-ketenimine,4 
and DMSO-S03-pyridine.5 The rapidity with which the 
reaction occurred, the intensity of the characteristic red 
color of 3 which formed, and the increased usage of 3 as a 
dieneophile and as a chemical reagent in the current litera- 
ture prompted us to investigate the utility of this pathway 
as an easy and rapid route to 3.fi-1° 

Purified acetonitrile was found to  be the ideal solvent for 
a spectrophotometric assay for 3 (Xrnax5z5, t 157). Under 
controlled conditions, the products observed when 2a was 
reacted with 1 in DMSO were carbon dioxide (as barium 
carbonate), dimethyl sulfide (trapped at -80" and charac- 
terized as trimethyl sulfonium iodide), trichloroacetam- 
ide12 (essentially insoluble in cold CHCls), and 3 (isolated 
by sublimation and characterized by spectroscopic compar- 
isons with an authentic   ample).^ The average yield, deter- 
mined spectrophotometrically, was 98% with 2a. Difficulty 
was encountered in isolating pure 3 from this reaction 
(-20% yield by sublimation) but this is the only respect in 
which this new reagent suffers in comparison with the 
other methods. The chemical reactivity of 3 was shown to 
be unaffected by the system by isolation of its adduct with 
cyclobutadiene. The major advantage of this approach lies 
in the rapidity with which 4 may be generated in situ. At 
room temperature, the reaction is over almost instanta- 
neously. Since the isocyanates used and 1 are indefinitely 
stable, this provides an instantaneous source of 3 in a highly 
polar solvent (DMSO). Nz04 and t-BuOC1 are relatively un- 
pleasant materials to work with while the isocyanates used 
herein can be readily transferred in measured amounts 
with a hypodermic syringe. 

Only isocyanates activated by strongly electron-with- 
drawing substituents were effective. The reaction with p -  
toluenesulfonyl isocyanate (2b) was essentially indistin- 
guishable from that with Za, benzoyl isocyanate (2e) gave 
88% of 3, while phenyl and n- butyl isocyanates gave less 
than 10% conversion in very slow reactions which stopped 


