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17p-Hydroxyandrosta-4,7-dien-3-one (4).--To 1 .O g of l7P-hy- 
droxyandrosta-4,6-dien-3-one,7 dissolved in 10 ml of dimethyl 
sulfoxide, was added 1.5 g of sodium methoxide. The mixture 
was stirred under nitrogen at  room temperature for 1 hr and then 
added to 66 ml of ice-cold, aqueous 2 N hydrochloric acid with 
stirring. The precipitate was filtered, dissolved in methylene 
chloride, and then, after drying with sodium sulfate, chromato- 
graphed on Davidson silica gel, which had previously been 
deactivated by treatment with wet ether for 2 hr. Elution with 
methylene chloride-methanol 50:l gave 400 mg of a yellow 
crystalline material which, after treatment with charcoal and 
recrystallization from methanol-ethyl acetate (1 : l), gave 280 mg 
of white crystalline material: mp 162-164' (mp lit.3 161- 
163'); 239 mp (E 15,400); and v::?' 3638 (OH), 3465 (OH) 
and 1662 (3 ketone) em-'. The nmr spectrum showed maxima 
for 1 olefinic proton as a doublet (J = 2 He) centered at  5.79 
(4 position), 1 olefinic proton as a multiplet between 5.1 and 
5.3 (7 position), 1 proton as a broad triplet between 3.6 and 4.0 
(17 position), 1 proton as a broad triplet between 3.6 and 4.0 
(17 position), 2 allylic protons as a multiplet between 2.6 and 3.5 
(6 position), 3 protons as a singlet at 1.19 (19 position), and 3 
protons as a singlet a t  0.68 ppm (18 position). 
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The mineral acid catalyzed condensation of formal- 
dehyde with olefins is commonly known as the Prins 
reacti0n.l It is well established that straight-chain 
1-olefins are much less reactive than are substituted 
R(R')C=CHR" types;2 1-olefins require either ele- 
vated temperatures with high catalyst concentrationsza 
or the use of acetic acid solvent3 with substantial quan- 
tities of strong acid catalysts. This reaction generally 
leads to a rather complex mixture of products, mainly 
composed of 1 ,3-dioxanes1 1,3-glycols, and tetrahydro- 
p y r a n o l ~ , ~ ~ ~  along with minor amounts of tetrahydro- 
furan  derivative^^^^^^^ and the alcohol derived from 
hydration of the starting 0lefin.3 

During the course of an investigation of modifica- 
tions of the Prins r ea~ t ion ,~  we have also studied the 
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(b) M. Hellin, M. Davidson, D.  Lumbroso, P. Guiliani, and F. Coussemant, 
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condensation of 1-olefins with aqueous formaldehyde 
(formalin) solutions a t  elevated temperatures and have 
developed useful synthetic procedures for the prepara- 
tion of 4-alkyl-1,3-dioxanes and a-alkyltetrahydro- 
pyran-4-01s from representative olefins from 1-pentene 
through 1-dodecene. 

Initial studies were carried out by heating 2.0 mol 
of 1-hexene with 4.9 mol of 37% formalin and 8 ml of 
sulfuric acid a t  175" in an autoclave for 5 hr. Com- 
plete conversion of the starting olefin was attained a t  
these conditions; after distillation from a small amount 
of heavy residue the resulting product was analyzed by 
glpc and found to contain 5% of 2-hexanol, 44% of 
4-butyl-l13-dioxane (l), 45% of cis1trans-3-propyltetra- 
hydropyran-4-01(2), 6% of a mixture of dihydropyrans, 
and traces of other materials. 

CBH&H,CH=CHz + 2CHz0 - H+ 6 + 5- 
1 2 

Pure 1 and 2 were obtained by fractional distilla- 
tion. Structures were confirmed by elemental and 
spectral analysis, and in the case of 2 (a cis-trans mix- 
ture) by comparison with an authentic sample.6 2- 
Hexanol and other minor products were separated by 
preparative glpc and identified by comparison with 
authentic samples (ir spectra, glpc retention times). 
3,6-Dihydro-3-propyl-2H-pyran (3) and 5,6-dihydro- 
3-propyl-2H-pyran (4) were identified in approxi- 
mately 2: 1 proportions by glpc comparison with a 3:2 
mixture synthesized by dehydrochlorination of cis,- 
trans-4-chlor0-3-propyltetrahydropyran~ with potas- 
sium hydroxide in ethylene glycol. 

c1 

C,H,+J + C 8 H 7 7 3  - C 8 " - C I s  

3 4 

A study of variations in reaction parameters was 
carried out in an attempt to define optimum conditions 
for more selective production of either 1 or 2 from 1- 
hexene. A number of experiments were conducted in 
which the sulfuric acid concentration was varied be- 
tween 0.24 and 0.40 M .  In  general, the higher acid 
concentrations provided increased reaction rates but 
also increased by-product formation. Replacement of 
the sulfuric acid by phosphoric acid decreased the 
reaction rate considerably; in addition, autoclave corro- 
sion was markedly accelerated. Substitution of para- 
formaldehyde-water mixtures for the commercial for- 
malin (stabilized with ca. 12% methanol) did not appre- 
ciably affect either the yield or product distribution 
nor did rather substantial variation in the olefin/formal- 
dehyde ratio. A recycle of coproduct 4-butyl-1,3- 
dioxane did not affect the selectivity; the same relative 
distribution of products was obtained. Variation in 
temperature between 125 and 225" gave the expected 
results. At the lower end of the range reactions were 
slower and often incomplete while the higher tempera- 
tures gave faster reaction rates and more by-products 
principally dihydropyrans). Indeed, a t  225" the 
condensation proceeded slowly in the absence of added 
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TABLE I 
CONDENSATION OF  OLEFI FINS WITH FORMALIN" 

R 
OK 

yH2 I 

RCH,--CH=CH, + 2CK,O + H+ ()+RT) 
1 2 

Conversion, --Yield," %- 
R % 1 a 

CzHs 100 46 42 
CsH7 100 41 46 
CsHii 85 43 45 

53 40 47 
CaHi9 39 42 46 

4 Reactions were carried out for 6 hr a t  150' using 2 mol of 
olefin to 4.9 mol of 37% formalin 0.24 M in H2SO4. b Based on 
reacted olefin. 

with nitrogen, and heated with stirring a t  150' for 6 hr. After 
cooling, the product was extracted into ether and the ether ex- 
tracts were washed with sodium carbonate solution and dried 
(NgSOd); the ether was then removed. A portion of the residue 
was analyzed by glpc using the 5-ft column for the 1-decene and 
1-dodecene reactions and the 10-ft column for the remainder. 
The order of elution is 2-alkanol, 4-alkyl-l,3-dioxane, dihydro- 
pyran, and 3-alkyltetrahydropyran-4-01. The product 4-alkyl- 
1,3-dioxanes (Table 11) and 3-alkyltetrahydropyran-4-01s (Table 
111) were isolated by fractionation through a 4 ft X 0.75 in. 
helices packed column. 

Registry No.-1 (R = C2H5), 15601-78-2; 1 (R = 
C3H7), 2244-87-3; 1 (R = C5Hll), 2244-85-1; (R = 
C7HI5), 23433-02-5; 1 (R = CQHig), 24647-61-8; Z - C ~ S  

2-cis (R = CSHll), 24647-35-6; 2 4 s  (R = C?His), 
24647-36-7; 2-cis (R = CQH1Q), 24647-37-8; 2-tTUnS (R 

(R = C2H5), 24647-33-4; 2-cis (R = C3H7), 24647-34-5; 

= C2Ks), 24646-96-6; 2-trans (R = C3H1), 24646-97-7; 

TABLE I1 
4-ALKYL-l13-DIOXANES 

Pressure, --Calcd, %- ---Found, %----. 
R BP, O C  mm nlOD Formula C H C H 

CaHs 60-61 16.0 1.4278 C7H1402 64.6 10.8 64.7 10.9 
C3H7 62-63 8 .0  1.4355 CsHi6Oz 66.6 11.1 66.7 11.1 

C7H15 132-134 12.0 1.4462 ClZH2402 72.0 12.0 72.0 12.1 
CaHio 128-130 1.5 . . .  4 CiaHzsOz 73.6 12.3 73.7 12.4 

C6H11 105-107 12.0 1.4397 CioHzoOz 69.8 11.6 70.0 11.8 

4 Solidified, mp 41-42' from pentane, lit.3 mp 41.5-42.5'. 

TABLE 111 
3-ALl(YLTETRAHYDROPYRAN-4-OLS 

Pressure, ,----Calcd, %-- ---Found, %-- 
mm n% Formula C H C H R BP, OC 

CzHs 112-114 16.0 1.4598 C~Hia0z 64.6 10.8 64.5 10.6 
Ci" 105-106 8.0 1.4591 CsHieOz 66.6 11.1 66.4 11.0 
CsHii 95-99 0.5 1.4585 CioHzoOz 69.8 11.6 69.8 11.8 
C7H15 168-170 12.0 1.4588 CizHzaOz 72.0 12.0 71.9 12.0 
CgHia 150-154 1 .5  1,4590 ClaHzsOz 73.6 12.3 73.6 12.3 

acid catalyst to produce the expected spectrum of prod- 
ucts with a rather considerable increase in dihydro- 
pyran formation. 

Although attempts to improve the selectivity of the 
Prins reaction under these conditions to either major 
product were unsuccessful, this procedure does repre- 
sent a most convenient and useful synthesis of 4-alkyl- 
1,3-dioxanes and cis,trans-3-alkyltetrahydropyran-4- 
01s. A minimum of by-products is produced and the 
boiling point difference between the dioxane and tetra- 
hydropyranol is sufficiently great that separation by 
fractionation is easily accomplished. Table I sum- 
marizes product yields from the condensation of a 
number of typical 1-olefins from 1-pentene through 1- 
dodecene using standard conditions. It is apparent 
that reaction rates are slower for the higher molecular 
weight olefins, probably because of decreased solu- 
bility, and more nearly optimum conditions would re- 
quire longer reaction times, higher temperatures, more 
catalyst, or some combination thereof for complete 
conversion. 

Experimental Section6 

Condensation of I-Olefins with Formalin.-A 1-1. RIagnedrive 
autoclave constructed of Hastelloy C7 was charged with 2 mol of 
olefin, 400 g (4.9 mol) of 37y0 formalin, and 5 ml of concentrated 
sulfuric acid. (One-half quantities were used for the I-decene 
and 1-dodecene reactions.) The autoclave was sealed, flushed 

2-trans (R = C5H11)j 24646-98-8; 2-trans (R = C7H15)) 
24646-99-9; %-trans (R = C9HI9) , 24647-00-5; formal- 
dehyde, 50-00-0. 

(6) All melting and boiling points are uncorrected. Olefins used were 
Phillips Petroleum Co. Pure Grade materials. Gas chromatographic 
analyses mere carried out on a Perkin-Elmer Model 720 gas chromatograph 
using 5 ft and 10 ft X 0.25 in. columns of 20% Ucon LB-550-X on Chromo- 
sorh P. 
(7) Autoclave Engineers, Inc., Erie, Pa. 
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The alkaloids occurring in Evodia xanthoxyloides 
F. Muell. (Rutaceae) have been the subject of an 
extended investigation by Ritchie and coworkers.2 

(1) Part  VI: 
(2) R. H. Prager, E. Ritchie, A. V. Robertson, and W. C. Taylor, Aust. 

D. L. Dreyer and A. Lee, Phytochemistry, 8, 1499 (1969). 

J .  Chem., 16, 301 (1962), and previous papers in this series. 


