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The addition of formaldehyde to isopropylidene-type trisubstituted olefinic linkages (Prins reaction) present 
in a- and 8-santalenes and some simpler compounds has been studied, and the structures of the resulting pri- 
mary alcohols have been elucidated. The tricgclene system undergoes rearrangement to the camphene system 
during the Prins reaction. 

The Prins reaction has been applied to the prepara- 
tion of useful oxygenated products from several mono- 
terpenes and acyclic olefins.'-3 With the ultimate ob- 
ject of applying the Prim reaction to the synthesis of 
oxygenated derivatives of possible perfumery value 
froin cy- and p-santalenes (X1V and XVll I ) ,  obtained as 
by-products during the distillation of Indian sandal- 
wood oil, the Prins reaction was initially applied to 
model compounds, tricyclene (I) and camphene (11) 
representing the skeletal part of santalenes, and 2,6-di- 
methyloctene-2 (V) and 2-methylheptene-2 (X) rep- 
resenting the isopropylidene side chain. The reaction 
was studied under two different conditions: (i) by 
stirring the mixture of olefin and paraformaldehyde in 
equimolecular proportions in dry chloroform in the 
presence of anhydrous stannic chloride at room tem- 
perature, and (ii) by refluxing the olefin with equimo- 
lecular proportions of paraformaldehyde in acetic acid 
followed by saponification of the resulting acetate to  the 
corresponding alcohol. 

Both tricyclene (I) and camphene (11) when condensed 
with paraformaldehyde in refluxing acetic acid 
yielded an identical unsaturated acetate which on sa- 
ponification gave the corresponding monoethynoid alco- 
hol, 8-camphenylcarbinol (CIIHl8O) of known structure4 
(111), the product from tricyclene being formed by an 
initial rearrangement of the tricyclene to the camphene 
system. The identity of the alcohols obtained was 
proved by elemental analysis, hydrogenation, superim- 
posable infrared spectra, and formation of camphenilone 
(IV) on oxidation. However, as expected, the alcohol 
obtained from camphene was optically active and that 
from tricyclene inactive. The cleavage of the cyclo- 
propane ring in tricyclene during the Prins reaction is 
interesting. A3-Carene5 under identical conditions 
gives a product in which the cyclopropane ring remains 
intact. 

2,6-Dimethyloctene-2 (V) was obtained as a single 
product by the Huang--1Iinlon reduction of citronellaL6 
Infrared spectrum and ozonolysis showed that the iso- 
propenyl-type isomer was absent. On condensation 
with formaldehyde a t  room temperature or under ther- 
mal conditions, this hydrocarbon gives mainly an un- 
saturated alcohol (Cl,H220) represented by the struc- 
ture VI. Consistent with its structure it shows char- 
acteristic infrared bands at 3366 and 1038 (-CHZOH). 
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and 3086, 1639, and 891 (>C=CH,) em.-', and absorbs 
1 mole of hydrogen on hydrogenation. On ozonolysis 
it yielded formaldehyde and the keto alcohol (VII) 
which gave the hydroxy acid (VIII) on hypobromite 
oxidation. The keto alcohol (VII) on oxidation with 
sodium dichromate and sulfuric acid in aqueous medium 
gave acetic acid and 4-methylcaproic acid (IX),  the 
latter being obtained also by oxidation of the keto alco- 
hol (VII) by chromic anhydride in acetic acid. The 
odor of the alcohol (VI) is reminiscent of that of lavan- 
dulol (XIIIa) to which it is closely related structurally. 

In  the same way 2-niethylheptene-2 (X), obtained by 
the Huang-Minlon reduction of methylheptenone, on 
condensation with formaldehyde yielded 2-isopropenyl- 
hexanol (XI) with infrared bands at  1631 and 889 
( >C=CH2), and 331 1 and 1042 (-CH20H). Ozonolysis 
yielded formaldehyde and the keto alcohol (XII) which 
on oxidation with sodium dichromate-sulfuric acid in 
aqueous medium yielded n-valeric acid (XIII)  and ace- 
tic acid. 

I n  conformity with the model compounds, cy-santa- 
lene (XIV) on condensation with formaldehyde at  
room temperature in the presence of stannic chloride 
catalyst yielded mainly a dextrorotatory unsaturated 
alcohol (C16HZ6O), along with small amounts of oxides. 
The structure of the alcohol was established as 2-iso- 
propenyl-3-(~)-tricyclylpropanol (XV) from infrared 
spectra and degradative studies. It showed infrared 
bands at 3000, 1639, and 888 (>C=CH, in an ali- 
phatic chain); 877, 852, and 822 in-substituted tri- 
cyclene system)'; and 3350 and 1044 (-CH20H) 
cm.-l. Perbenzoic acid titration as well as catalytic 
hydrogenation under mild conditions indicated the 
presence of one double bond. The dihydro product 
showed infrared absorption a t  3067, 877, 854, and 820 
(n-substituted tricyclene system), and a doublet at 
1383 and 1366 [-CH(CH,)2] cm-' .  On ozonolysis it 
yielded formaldehyde and the keto alcohol (XVI) in 
which the keto group is present as methyl ketone as in- 
dicated by the bands at 1727 and 1361 ern.-' and 
a positive iodoforin reaction. On oxidation by sodium 
dichromate-sulfuric acid in aqueous medium, the keto 
alcohol, consistent with its structure, yielded acetic 
acid and some products of skeletal rearrangement. 
It gave tricycloekasantalic acid (XYII) and acetic 
acid on oxidation by aqueous permanganate. The 
oxidation appears to proceed via a P-keto aldehyde- 
acid which enolizes and then is cleaved and further 
degraded to tricycloekasantalic acid and acetic acid. 
The alcohol (XV) on direct oxidation by permanganate 
also yields the acid (XITI).  Owing to the presence of 
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the cyclopropane I ing system, compounds of the 
a-santalene series, though stable towards alkali, 
undergo molecular rearrangements in the presence of 
acids. 

On condensation with formaldehyde in refluxing 
acetic acid, a-santalene (XIV) yields mainly an un- 
saturated acetate, which on saponification affords the 
corresponding alcohol (XIX).  This was separated 
from small amounts of oxides and diols by fractiona- 
tion followed by chromatography. The hydrocarbon 
recovered from the reaction was found to be similar to 
p-santalene except in its rotation. The alcohol 
(CMH~GO) showed infrared bands at 3390 and 1053 
(-CHzOH); 3096, 1656, 889, and 879 (>C=CH,); 
and no characteristic absorption for =-substituted 
tricyclene system. The levorotation of the alcohol also 
suggested the absence of the tricyclene skeleton. 
Catalytic hydrogenation revealed the presence of two 
double bonds. Ozonolysis gave forinaldehyde, thus 
confirming the presence of the methylenic double bond. 
This showed that  a rearrangement of the tricyclene 
skeleton to the camphene system has occurred under 
the conditions of the reaction. 

B-Santalene (XVIII) under similar conditions yielded 
the same alcohol (XIX) as the major product. Cata- 
lytic hydrogenation of the alcohol showed two double 
bonds. Ozonolysis yielded formaldehyde and the 
keto alcohol (XX) which showed infrared bands a t  
1724 i>C=O), 1364 (CH,CO-), and 3521 and 1045 
(-CH?OH) cm- l .  The keto alcohol (XX) gave a 
positive iodoform test. On oxidation with sodium 
dichromate and sulfuric acid in aqueous medium, 
acetic acid and camphenilonylacetic acid (XXI) , 8  

together with traces of dimethylnorcampholidylacetic 
acid (XXII) ,  were obtained and identified by paper 
chromatography. Oxidation by chromic acid in acetic 
acid also afforded camphenilonylacetic acid. 

Thus, on thermal condensation, both a- and p-santa- 
lenes yield mainly the same alcohol (XIX). Under 
the conditions of the reaction, the tricyclic a-santalene 
rearranges to  the bicyclic p-santalene system. One 
molecule of formaldehyde may add either to the tri- 
substituted double bond in the side chain to give the 
alcohol XIX or to the exocyclic double bond in the 
8-santalene ring to give alcohol XXIT.'. The product 
contained two methylenic double bonds as indicated 
by the infrared bands a t  899 (>C=CH2 in the side 
chain) and 879 cm (>C=CHz in the five-membered 
ring). Structure XXIV does not contain any niethyl- 
enic double bond. whereas XIX accomniodates two 
such bonds, one originally present in P-santalene, and 
the other formed by migration of the trisubstituted 
double bond in the side chain to the adjacent position. 
Results of ozonolysis also confirm this. This evidence 
is consistent with structure XIX for the alcohol. 

Experimental 
Melting points and boiling points are uncorrected. Rotations 

were determined in chloroform solution. Petroleum ether refers 
to the fraction boiling at  60-80". Infrared spectra were measured 
on a Perkin-Elmer ?*lode1 13iB Infrarord spectrophotometer, 
liquid compounds a6 liquid film, and solid compounds as Nujol 
mulls. \..p.cn. analyses ivere carried out on a Perkin-Elmer 
vapor frartometer 1541), using a 'P' column (succinic acid poly- 

( 8 )  I.. Itrinicka a n d  -4. Roetli l ish~rger,  RcZ?. C h i m .  Acta.  18, 439 (1935). 
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ester of diethylene glycol) and hydrogen as carrier gas a t  15 Ib./ 
sq. in. The solvent system butanol-ethanol-water (40: 10: 50) 
upper phase and ammonia (1 ml.) wm used for paper chroma- 
tography. 

Tricyclene (I) was prepared from d-camphorg and purified by 
chromatography on neutral alumina (grade I )  and sublimation as 
a white solid, n1.p. 68"; infrared bands at  3069, doublet a t  
1377 and 1359, 873,856, and 818 cm.-l. 

8-Camphenylcarbinol (111) from Tricyc1ene.-Tricyclene ( 15 
g., 0.11 mole) was refluxed with paraformaldehyde (3.6 g., 0.12 
mole) and acetic acid (200 ml.) for 24 hr. in a flask fitted with a 
fractionating column. Removal of the solvent under vacuum 
and work-up according to the conventional procedure gave the 
acetate ester (7.9 9.)  which wm saponified by alcoholic potash 
(140 ml., 0.5 N )  to yield 8-camphenylcarbinol (5.62 g.)  as a 
colorless liquid, b.p. 80-85" (0.15 mm.), n Z 7 ~  1.4977; infrared 
bands at  3333, 1669, doublet a t  1375 and 1355, 1031, 843, and 
812 cm.-l. It absorbed 1 mole of hydrogen in acetic acid 
solut,ion in the presence of Adams catalyst. 

Anal. Calcd. for C11HlsO: C ,  79.46; H ,  10.92. Found: 
C, 79.27; H, 10.54. 

Camphenilone (It').-The alcohol (111, 2.06 9.) was oxidized 
by potassium permanganate (10.18 9 . )  in aqueous medium. 
Work-up yielded, in the neutral portion, camphenilone (0.61 g.)  
as a liquid, b.p. 104-108" (bath) a t  20 mm.; infrared bands a t  
1726, doublet a t  1382, and 1366 ern.-'; semicarbazone, white 
needles (ethanol), m.p. and m.m.p. (with an authentic sample) 
208 O . 

8-Camphenylcarbinol (111) from camphene (11) was prepared 
according t'o the procedure described in the l i t e r a t ~ r e , ~  b.p. 97- 
100" ( 7  mm.), [ C ~ ] ~ * D  +22.8", n Z e ~  1.5016. The infrared spec- 
trum was superimposable with that of the alcohol obtained from 
tricyclene. Analysis, hydrogenation, and oxidat,ion gave similar 
results. 

2,6-Dimethyloctene-2 (V).-Citronellal was purified by the bi- 
sulfite method (100% by oximation), b.p. 73-75" (7 mm.), 
/ a l Z s ~  +14.81" (c  8.171, n Z 4 ~  1.4474; infrared bands a t  2717, 
1724, 1400, and 828 em.-'. 1' was made by reducing citronellal 
(46.47 9.)  according to the Huang-Minlon method by treating 
with hydrazine hydrat>e (30 ml., 85%), diethylene glycol (300 
ml.), and potassium hydroxide ( 3 2  g.).  The hydrocarbon (34.90 
g.)  was purified by fractionation and chromatography followed 
by distillation over sodium, b.p. 163" (710 mm.), n Z 4 ~  1.4310, 
[ C K ] ~ ' D  +9.2" ( e  11.2). 1*.p.c. analysis showed essentially one 
peak; infrared bands a t  1661 and 833 em.-'. 

Anal. Calcd. for ClOH20: C,  85.63; H, 14.37. Found: C, 
85.70; H, 14.77. 

The Prins Reaction on 2,6-Dimethyloctene-2 (V).-A mixture 
of the hydrocarbon (V,  14.06 g., 0.10 mole), paraformaldehyde 
(3.56 g., 0.12 mole), and glacial acetic acid (230 ml.) was re- 
fluxed for 24 hr. in a flask fitted with a column. Work-up yielded 
the acetate ester (25 g.) which was saponified by alcoholic potash 
(100 ml., 2 N )  to yield 2-isopropenyl-5-methylheptanol (VI,  19 
g.) .  Chromatography on neutral alumina (500 g., grade 11) 
yielded small quantities of oxides in the fractions eluted with 
petroleum ether. Pure alcohol (7.6 g.) was eluted in the benzene 
fractions as a colorless liquid with a pleasant odor, b.p. 123-136" 
(19 mm.), [ a 1 2 4 ~ )  +6.82" ( e  7.041, n Z 4 ~  1.4540. T'.p.c. analysis 
showed essentially a single peak; infrared bands at  3366, 3086, 
1639, 1038, and 891 em.?. 

A n d .  Calcd. for CllH220: C,  77.58; H ,  13.02. Found: C ,  
77.36; H,  13.00. 

Catalytic Hydrogenation of the Alcohol (VI) .-The alcohol 
(0.22 g.)  was hydrogenated in acetic acid (15 ml.) in the pres- 
ence of Adanis catalyst (38 mg.). The volume of hydrogen ab- 
sorbed (129 ml. a t  17" and 712 mm.) corresponded to 0.91 mole 
or one double bond. 

Ozonolysis of the Alcohol (VI).-The alcohol (4.89 9 . )  waa 
ozonized in chloroform (100 ml.) a t  0" to completion (9  hr.). 
The ozonide, after removal of solvent in z)ucuo waa decomposed 
with water (60 ml.). The volatile portion gave the dimedone 
derivative of formaldehyde, m.p. and m.m.p. 189". The non- 
volatile portion was extracted with ether, washed with sodium bi- 
carbonate solution, and dried ( S n 2 S 0 1 ) .  Removal of solvent 
yielded the keto alcohol ( V I I ,  4.66 g.) ,  b.p. 13.5140" (bath) a t  
11 nim., n3% 1.4433, [ C Y ] %  +5.7' (c 4.04); infrared bands a t  
3570, 1718, 13.55, and 1036 em.-'. 

(9) H. Meeraein and K. van Emster. B e r . .  58, 1815 (1920) 
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Anal. Calcd. for C10H2002: C,  69.72; H ,  11.70. Found: 
C,  69.98; H,  11.87. 

It gave iodoform (m.p.  and m.m.p. 120') when treated with 
lodine and sodium hydroxide in dioxane solution. 

Oxidation of the Keto Alcohol (VII) by Hypobromite.-The 
keto alcohol (1  9.)  in dioxane (50 ml.) was treated with sodium 
hypobromite prepared from bromine (1.80 ml.) and sodium hy- 
droxide (4.25 g.) in water (50 ml.) under cooling. The excess hy- 
pobromite was decomposed with sodium bisulfite. Work-up 
yielded the hydroxy acid (1'111, 0.74 g.), b.p. 175-190" (bath) 
a t  3 mm.; infrared bands a t  3448, 2632, 1709, 1031, and 938, 
cm.-'. 

Anal. Calcd. for CsH180,: C, 62.04; H ,  10.41. Found: 
C,  61.25; H,  9.28. 

A better analysis was not obtained. 
Oxidation of the Keto Alcohol (VII) by Dichromate-Sulfuric 

Acid.-The keto alcohol (1  g.)  was stirred with water (25 ml.) 
and powdered sodium dichromate (2.12 9.)  under cooling, and 
sulfuric acid ( 2  ml.) was added dropwise. The mixture was stir- 
red a t  room temperature for 8 hr. and at  80" for 2 hr. In  one 
experiment, the reaction mixture was subjected to steam distilla- 
tion a t  this stage, and the distillate was found to contain acetic 
acid by paper chromatography. In  another experiment, the 
reaction mixture was diluted and extracted with ether. The 
acid portion (0.20 g.), obtained by bicarbonate extraction, was 
identified as 4-methylcaproic acid ( IX) ,  b.p.  180-190" (bath) a t  
23 mm., n 3 0 ~  1.4230, [aI3O~ +7.91" (c 3.16), equivalent weight 
129 (theoretical, 130), Rr 0.75 (compared against an authentic 
sample prepared by ozonizatiou of 2,6-dimethyloctene-2 in 
chloroform); infrared bands a t  2632, 1695, 1403, and 934 cm.?. 
The infrared spectrum was superimposable with that of an authen- 
tic sample. 

Anal. Calcd. for C ~ H M O ~ :  C, 64.58; H, 10.84. Found: C, 
64.39; H ,  10.72. 

The amide, white plates (ethanol), had m.p. and m.m.p. 
(with an authentic sample) 92". 

Anal. Calcd. for C,HI,SO: N, 10.64. Found: ?;, 10.84. 
The oxidat,ion of the keto alcohol (VII,  1.09 9.)  by chromic 

anhydride (1.11 9.)  in acetic acid medium (10 ml.) also led to 4- 
methylcaproic acid (0.30 g. 1. 

The Prins Reaction on 2,6-Dimethyloctene-2 (V) at Room 
Temperature.-A mixture of 2,6-dimethyloctene-2 (14.20 g., 
0.10 mole), paraformaldehyde (3.02 g., 0.10 mole), dry chloro- 
form (30 ml.), and anhydrous stannic chloride (0.50 ml.) was 
stirred a t  room temperature for 40 hr. Work-up, as described 
subsequently in the case of santalenes, yielded the crude product 
(13.45 g.)  which was chromatographed on neutral alumina (280 
g . ,  grade 11). The fractions elut,ed with petroleum ether con- 
sisted of oxides (5.42 g.); the alcohol (VI ,  3.96 g.)  was eluted in 
the benzene fractions. 

2-Methylheptene-2 (X).-Methylheptenone (75 g., b.p. 99- 
100" a t  65 mm., n Z 7 ~  1.4440) was reduced according to the Huang- 
hlinlon procedure by treatment with hydrazine hydrate (65 ml., 
85%), diethylene glycol (600 ml.), and potassium hydroxide (110 
g.) .  2-Methylheptene-2 (50 g.)  was purified by chromatography 
on neutral alumina (1000 g., grade I )  as a colorless liquid, b.p. 
100-120" (710 mm.),  n Z y ~  1.4153; infrared bands a t  1667, 
843, and 830 (>C=CH-) cm.-l. 

Anal. Calcd. for CsH,,: C,  85.63; H, 14.37. Found: C,  
86.20; H,  14.50. 

2-Isopropenylhexanol (XI) .-A mixture of 2-methylheptene-2 
(X,  33.4 g., 0.30 mole), paraformaldehyde (1.50 g., 0.35 mole), 
and acetic acid (500 ml.) was refluxed for 26 hr. to yield the ace- 
tate ester (50 9 . )  which on saponification with alcoholic potaa- 
sium hydroxide (300 ml., 2 LV) followed by chromatography on 
neutral alumina (510 g., grade 11) yielded the pure alcohol (XI ,  
15.10 g.) in the benzene fractions, b.p. 133-143" (bath) a t  102 
mm., 1.4500; infrared bands at  3311, 3030, 1631, 1042, 
and 889 cm.?. 

Anal. Calcd. for CYHISO: C, 75.99; H ,  12.76. Found: C, 
75.97; H,  12.80. 

Ozonolysis of the Alcohol (XI).-The alcohol (3.03 9.)  was 
ozonized in chloroform (75 ml.) a t  0" to completion (8 hr.) .  De- 
composition with water (60 ml.) yielded formaldehyde (dimedone 
derivative, m.p. and m.m.p. 189") and the keto alcohol (XII ,  
2.88 g.) ,  b .p .  169-175' (bath) a t  25 mm.; infrared bands a t  
3500, 1724, 1364, and 1042 cm.-'. 

Anal. Calcd. for C8H,602: C, 66.63; H,  11.18. Found: 
C,  66.48; H, 11.46. 

It gave iodoform with iodine and alkali in dioxane solution. 

Oxidation of the Keto Alcohol (XII).-The keto alcohol (1.13 
9.)  was oxidized with sodium dichromate (2.61 9.)  and sulfuric 
acid (2.50 ml.) in aqueous medium. The reaction mixture waa 
steam distilled and the distillate contained n-valeric acid (XI I I ,  
Rf 0.58) and acetic acid (Rr 0.23) by paper chromatography. 

a- and 8-Santalenes (XIV and XVIII).--a- and p-santalenes were 
obtained by repeated batch-strip fractionation10 using a packed 
column followed by elaborate column chromatography on alu- 
mina (500-fold, grade I )  of "sandalwood oil terpenes" supplied 
by the Government Sandalwood Oil Factory, Mysore. The 
purest hydrocarbons" showed the following properties: a-santa- 
lene, b.p.  112" (7  mm.), [aIz9~ +10.84" ( c  10.72), n Z y ~  1.4833; 
(3-santalene, b.p. 109' (3  mm.), [ a I z e D  -73.94" (c 11.67), n Z 6 ~  
1.4940. 

2-Isopropenyl-3-( *)-tricyclylpropanol (XV) .-A mixture of 
a-santalene (XIV, 100 g., 0.48 mole), paraformaldehyde (18 g., 
0.60 mole), freshly distilled anhydrous stannic chloride (2.4 ml.), 
and dry chloroform (200 ml.) was stirred a t  room temperature for 
40 hr.  Chloroform was removed under reduced pressure, and the 
residue was diluted with water and warmed with ammonia. The 
product was repeatedly extracted with ether, washed with water, 
and dried (Na2S04). Removal of solvent yielded the crude prod- 
uct (109 g.) which was fractionated to remove the low-boiling 
fractions consisting of a-santalene (19.3 g., b.p. 75-80" a t  0.8 
mm.). The residue in petroleum ether yielded a mixture of ox- 
ides (13.5 g.). The fractions eluted with ether gave after frac- 
tionation, 2-isopropenyl-3-(~)-tricyclylpropanol (XV, 18.8 9.) 
as a colorless, viscous liquid having a sandalwood odor, b.p. 
122-125" (0.7 mm.), [ (Y]*~D +2.66' (c  21.31), n z z ~  1.5018; in- 
frared bands a t  3484, 3096, 1655, 1047, 895, 882, 858, and 824 
crn.-l. 

Anal. Calcd. for C16H26O: C, 81.99; H, 11.18. Found: 
C, 81.65; H,  11.00. 

Catalytic Hydrogenation of the Alcohol (XV) .-The alcohol 
(0.11 g.) waa hydrogenated in ethanol (25 ml.) in the presence of 
Adams catalyst (56 mg.). The amount of hydrogen absorbed 
(14.90 ml. a t  20" and 709 mm.) corresponded to  0.90 mole or one 
double bond. The dihydro product showed infrared bands a t  
3356,3067, doublet a t  1383, 1366, 1049,877,854, and 820 cm.-1. 

2-Homo-~-tricyclyl-3-ketobutanol (XVI).-The alcohol (XV, 
5.02 9.)  was ozonized in chloroform (100 ml.) to completion (8 
hr.) a t  0". After removal of solvent under reduced pressure, the 
ozonide waa heated with water (60 ml.) on a water bath for 4 hr. 
The volatile portion trapped in ice-cold water gave a copious 
amount of dimedone derivative of formaldehyde, m.p. and m.m.p 
189". The nonvolatile portion, after being treated with sodium 
bicarbonate, yielded the keto alcohol (XVI, 4.32 g.) ,  b.p. 160- 
170' (bath) a t  1.5 mm., n Z 6 ~  1.4920. It gave iodoform (m.p. 
and m.m.p. with an authentic sample 120") with iodine and 
alkali in dioxane solution; infrared bands a t  3521, 3096, 1727, 
1351, 1043,878,856, and 823 ern.?. 

Anal. Calcd. for C16H2402: C, 76.22; H, 10.24. Found: 
C,  75.61; H, 10.23. 

Oxidation of the Keto Alcohol (XVI). A. By Sodium Di- 
chromate-Sulfuric Acid.-The keto alcohol (1 g.)  waa stirred 
with water (20 ml.) and finely powdered sodium dichromate (1.49 
g.) under cooling. Concentrated sulfuric acid (2 ml.) nwj added 
to this dropwise, and the mixture waa stirred a t  room temperature 
for 6 hr. and a t  80" for 2 hr. The mixture was distilled and the 
earlier portions of the distillate were trapped in ice-cold liquid 
ammonia (3 ml.), the solution was extracted with ether, and the 
aqueous layer was concentrated. It waa shown to contain acetic 
acid (Rr 0.19) by paper chromatography. 

B. By Permanganate.-The keto alcohol (XS'I, 1.02 g.) 
was stirred with water (30 ml.), and powdered potassium per- 
manganate (2.05 g.)  was added to this in five portions during 1 
hr., and the stirring was continued a t  room temperature for 16 hr. 
The manganese dioxide sludge was filtered and washed with hot 
water. The filtrate was extracted with ether; the aqueous layer 
was concentrated and acidified with hydrochloric 'acid (1:  1).  
The organic acid was extracted with ether, washed free of mineral 
acid, and dried (SazS04) .  Removal of solvent yielded a mixture 
of acids which contained mainly tricycloekasantalic acid (Rr 
0.76) and small amounts of acetic acid (Rf 0.20) and another acid 

(10) B. B. Ghatge and S .  C. Bhat tacharyya,  P e r j u m e r y  Essent. Oil Record, 
47, 353 (1956). 

(11) V.  Herout and collaborators ,[Collection Czech. Chem. Commun.,  41, 
773 (1957)l have recorded higher rotations for Q- and p-santalenes isolated 
in  milligram quantities. Such high rotations, however, could not be achieved 
in our case. 
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(Rt 0.51, probably a keto acid). The ketonic impurities were 
removed by treatment with Girard's reagent and the product was 
crystallized from petroleum ether to yield tricycloekasantalic 
acid, m.p. and m.m.p. 76"; infrared bands at  3058, 2667, 1704, 
1408, 946, 878, 855, and 821 cm.-l. 

Anal. Calcd. for C12H1802: C, 74.19; H,  9.34. Found: C, 
74.00; H ,  9.50. 

The alcohol (XV) also yielded trirycloekasantalic acid (XVII) ,  
when oxidized with permanganate as described. 

The Prins Reaction on a-Santalene (XIV) under Thermal Condi- 
tions.-a-Santalene (22.4 g. ,  0.11 mole) was refluxed with para- 
formaldehyde (3.49 g., 0.11 niole) and glacial acetic acid (350 ml.) 
for 26 hr.  Acetic acid was distilled, the residue was diluted and 
repeatedly extracted with ether, washed ui th  sodium carbonate 
and water, and dried (KaapSOa). Removal of solvent yielded the 
unsaturated acetate (22.81 g.) ,  which was saponified by refluxing 
with alcoholic potassium hydroxide (300 ml., 0.5 S) for 2 hr. to 
yield the crude product (20.56 g.) .  On fractionation using a 
spinning band column, the earlier fractions (4.17 g.)  were found 
to consist of a 8-santalene-type hydrocarbon from physical prop- 
erties, elemental analysis, and infrared spectrum. The inter- 
mediate fractions (10.54 g.)  consisted of the alcohol X I X .  The 
last fractions contained mostly diols. 

The alcohol X I X  is a colorless liquid having a sandalwood odor, 
b.p. 150-155" (bath) a t  1 mm., [ a I z 7 ~  -11.92" ( c  11.11), 12% 
1.5036; infrared bands at  3333, 3050, 1631, 1037, 885, and 877 
cm.-l. 

Anal. Calcd. for CleHap60: C,  81.99; H, 11.18. Found: 
C, 81.56; H, 11.10. 

A sample of the alcohol purified by phthalization had identical 
properties. 

I t  absorbed 1.93 moles of hydrogen on catalytic hydrogenation 
in presence of Adams catalyst in glacial acetic acid. 

The Prins Reaction on 6-Santalene (XVIII) under Thermal 
Conditions.-p-Santalene (10.7 g., 0.05 mole) was refluxed with 
paraformaldehyde (1 .84 g., 0.06 mole) and glacial acetic acid (100 
ml.) for 24 hr., and the product was worked up as in the case of 
a-santalene to yield the acetate ester (11 g.). This was saponified 
by alcoholic potassium hydroxide (140 ml., 0.5 Y), and the prod- 
uct was fractionated using a spinning band column to remove 
unchanged p-santalene (2.74 g.)  and higher boiling diols (1.52 g., 
b.p.  140-156" a t  3 mm.).  The alcohol (XIX,  4.07 g.)  was 
further purified by chromatography on neutral alumina (100 g., 
grade 11) when a colorless, viscous liquid having a sandalwood 
odor was obtained, b .p .  140-150' (bath) a t  2 mm., [CY]~*D 

- 17.58' (c 9.98), n% 1.9045. Its infrared spectrum was identi- 
cal with that of the alcohol obtained from a-santalene by thermal 
reaction. 

Anal. Calcd. for CleH2,O: C,  81.99; H, 11.18. Found: C,  
81.62; H,  11.14. 

Quantitative hydrogenation showed the presence of two double 
bonds. 

Ozonolysis of Alcohol X1X.-The alcohol (2.70 9.) was ozon- 
ized in chloroform (25 ml.) a t  0" to completion (6 hr.) .  After 
removal of solvent, the ozonide was decomposed with water (35 
ml.). The volatile portion gave the dimedone derivative of form- 
aldehyde, m.p. and m.m.p. 189'. The nonvolatile portion (XX,  
1.56 g.), after being extracted with sodium bicarbonate, distilled 
a t  170-190" (bath) a t  0.4 mm.; infrared bands at  3521, 1724, 
and 1045 (NaCI prism), and 1732 and 1709 crn.-l [CaFz prism). 

Anal. Calcd. for C14H*2O3: C, 70.55; H, 9.31. Found: C, 
72.60; H, 10.34. 

A better analysis could not be obtained. 
Oxidation of the Keto Alcohol (XX) by Sodium Dichromate- 

Sulfuric Acid.-The keto alcohol ( 1  9.) was oxidized with sodium 
dichromate (1.53 9.)  and sulfuric acid (1.11 ml.) in aqueous 
medium as described before. The reaction mixture was steam 
distilled; the distillate contained acetic acid ( R f  O.l9), identified 
by paper chromatography. Work-up of the residue yielded an 
acid mixture which contained mainly camphenilonylacetic acid 
(Ri 0.51), small proportions of norcampholidylacetic acid (XXII ,  
Ri 0.411, and acetic acid ( R f  0.19). Genuine samples of acids 
XXI  and XXII  for comparison were obtained by ozonizing bi- 
cycloekasantalic acid in acetic acid.6 

Oxidation of the Keto Alcohol (XX) by Chromic Acid.-The 
keto alcohol (1  g.), when oxidized with acetic acid (10 ml.), chro- 
mic anhydride (0.98 g.) in water (1  ml.), and glacial acetic acid 
(10 ml.) according to the procedure described earlier, yielded the 
acid X X I  (0.25 g.) identified by paper chromatography; methyl 
ester (diazomethane), b.p. 130-140" (bath) a t  0.6 mm., infrared 
bands at  1748 em.-'. 

Anal. Calcd. for ClpHla03: C, 68.54; H ,  8.63. Found: C, 
68.62; H, 9.13. 

Acknowledgment.-The authors are grateful to Mr. 
H. Gopinath for the infrared spectra, Mr. V. S. Pansare 
and colleagues for the microanalyses, Dr. S. Kantha- 
mani and Dr. G. Lakshmi Kumari for paper chroma- 
tography, and Dr. V. G. Naik for the V.P.C. analysis. 
One of the authors (S. R.) gratefully acknowledges a 
Junior Research Fellowship awarded to her by the 
Council of Scientific and Industrial Research, Govern- 
ment of India, during the period of this work. 

Azabicyclic Alcohols. I. Stereochemistry of the Hydroxyquinolizidines' 

HERBERT S. AAROS, GEORGE E. WICKS, JR., ASD CHARLES P. RADER 
Chemical Research Division, U .  S. Army Chemical Research and Development Laboratories, Edgewood Arsenal, hfaryland 

Received January 2, 1964 

Each of the 1-, 2-, and 3-hydroxyquinolizidine racemates has been synthesized and characterized. Configura- 
tional and conformational assignments have been made on the basis of infrared and n.m.r. spectra, gas-liquid 
chromatographic retention data, and chemical evidence. In  all cases a trans-quinolizidine ring fusion is shown to 
exist, In the case of the 1- and 3-hydroxyquinolizidinesj intramolecular hydrogen bonding occurs between the 
bridgehead nitrogen and an axial @-hydroxyl group. 

Although the quinolizidine ring system (I) occurs in 
many natural products,2 the simple hydroxyquinolizi- 
dines are not known to exist in nature. In  the 1-, 
2-, and 8-hydroxyyuinolizidines, two epimeric race- 
mates are possible, depending upon the configuration 
of the hydroxyl group relative to that of the bridge- 
head (C-IO) hydrogen. 1;or each epinier both a cis 
and a f i ~ ~ ~ s  ring fusion arc possihlc, and interconversion 

(1) Presentefi in part a t  t i l ?  144th National Meeting of the American 

( 2 )  N. . J .  I.eonarr1, "The . i lkuI(iifIs, ' '  Val, 111. R. H .  F. RIanske and H. L. 
Chemical Soriety, 120s Anrrles, Calif., April ,  1963. 

11 olriies. I < ( I . ,  Acadernic Press, S e n  Yorli, X,  Y,, 19.53, p. 110. 

between the two forms can occur by inversion of the 
electron pair on the bridgehead nitrogen. Previous 
studies of these compounds have been r e ~ i e w e d . ~ , ~  
Only recently, however, have the two epimers of the 
1- and 2-hydroxyquinolizidines been characterized 
and configurational assignments g i ~ e n . ~ . ~  Coniplete 

(3) W. L. L[osby, "Heterocyclic Systems With 13ridaehead Nitrogen 
Atoms." Par t  Two .  Interscience Publishers. Inc. ,  New York, N. Y. ,  1961, 
p. 1001. 

(4) R.  E. Counsel1 and  T. 0. Roine. J .  Am.  Pkarm. Assoc., 49, 289 (1960). 
(5) G. A .  Swan, .I. Chem. SOP. ,  20.51 (1958). 
(6) F. Bohlrnann, E. Winterfeldt, 0. Schmidt, and  W'. Reusche. C h m .  

Ber. ,  94, 1767 (1961). 


