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bonate solution, and water, and dried (MgSO1). Removal of 
the solvent gave a solid, m.p. 215-220°, which after several crys- 
tallizations from methylene chloride-methanol gave friedel-18-ene 
as needles (22 mg.): m.p. 241-243', [a]D +16" ( c  1.1); lit.16 

B.-A solution of friedelane (186 mg.) in carbon tetrachloride 
(75 ml.) was heated under reflux by an infrared lamp, and bro- 
mine (147 mg., 2 mole equiv.) in carbon tetrachloride (6 ml.) was 
added. After heating for 1 hr., the mixture was cooled, and the 
solvent was removed under reduced pressure. To the residual 
solid, a solution of m-chloroperbenzoic acid (337 mg.) in chloro- 
form (30 ml.) was added, and the mixture was allowed to stand 
a t  room temperature for 24 hr. A solution of potassium iodide 
(0.1 g.) in 0.4 N acetic acid (5  ml.) and water (50 ml.) were then 
added and the liberated iodine was titrated with standard so- 
dium thiosulfate solution. (This indicated a 41y0 alkene con- 
tent in the mixture.) The chloroform layer was separated, 
washed successively with water, sodium hydrogen carbonate solu- 
tion, and water, dried, and evaporated. The solid residue (180 
mg.) was dissolved in petroleum ether (b.p. 30-60") and chro- 
matographed on alumina (Savory and Moore, pH 8.5). Elution 
with this solvent (100 ml.) gave a solid (25 mg.), crystallized from 
methylene chloride-methanol as small needles, m.p. 239-240', 
[ a ] ~  +26" ( c  0.35), Rf 0.72,16 regarded as 18-bromofriedelane. 
I t  did not give a color with tetranitromethane, but gave a posi- 
tive Beilstein test. Continued elution with petroleum ether (70 
ml.) gave a solid (6 mg.; 2 spots, Rr 0.71 and 0.60). Petroleum 
ether (35 ml.) and petroleum ether-benzene (4:1, 70 ml.) then 
yielded a solid (75 mg.) which on crystallization from methylene 
chloridemethanol gave 18,19-epoxyfriedelane as needles, m.p. 
254-256", [ a ] ~  +36" ( c  0.66), R f  0.60, with infrared spectrum 
(in KBr) identical with that of the previously reported specimen,15 
m.p. 260-261 O .  Elution with benzene and benzene-chloroform 
gave oils (71 mg.) shown to be mixtures by thin layer chromatog- 
raphy. 

Conversion of 18-Bromofriedelane to Friedel-Sene .-The 
bromofriedelane was extremely labile, losing hydrogen bromide on 
an attempted recrystallization and drying for analytical purposes. 

Anal.  Calcd. for CaOH5iBr: C, 73.28; H ,  10.46. Calcd. for 
CaoHso: C,87.73; H, 12.27. Found: C,80.87,83.79; H,  11.89, 
11.64. 

We were unable to separate 18-bromofriedelane from its de- 
hydrobromination product, friedel-ls-ene, by thin layer chro- 
matography; furthermore, 18-bromofriedelane could be quanti- 
tatively dehydrobrominated under certain chromatographic con- 
ditions. 

A.-A solution of 18-bromofriedelane (19 mg.) in petroleum 
ether (1 ml.) was filtered through a column of Woelm neutral alu- 
mina (3 g.). Evaporation of the eluent (15 ml.) gave a product 
(negative Beilstein test, bright yellow color with tetranitro- 
methane) which on two crystallizations from methylene chloride- 
methanol gave friedel-ls-ene, m.p. 239-241", [a]D +18' ( c  0.6), 
with an infrared spectrum identical with authentic hydrocarbon. 

B.-When the total reaction product, obtained from friedelane 
(310 mg.) by bromination followed by peracid oxidation as in 
B above, was chromatographed on Florid, elution with petro- 
leum ether gave directly friedel-18-ene (26 mg.), m.p. 239-240". 

m.p. 242-245", [ a ] D  +17O. 

(16) Each chromatographic fraction was examined by thin layer chroma- 
tography, using benzene as developing solvent and silica gel G (0.25-mm. 
layer) as adsorbent. 
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Greenwood and James' reported the formation of 
3-is0 thiocyanocyclohexene from 3-bromocyclohexene 

( 1 )  F .  L. Greenwood and W. J. James. J. A m .  Chem. Soc., 79, 4495 
(1951). 

and sodium thiocyanate in methanol apparently with- 
out prior formation of 3-thiocyanocyclohexene. Dis- 
placement reactions leading initially to predominant 
yields of isothiocyanates are rare2 except with acyl 
halides. Some apparent exceptions have been studied, 
and the formation of trityl is~thiocyanate~ and t-butyl 
isothiocyanate6 probably involve equilibrium control 
of the reaction since trityl and t-butyl carbonium ions 
are formed with ease. 

We have investigated the reaction of 3-bromocyclo- 
hexene with potassium thiocyanate in dimethyl 
sulfoxide (DMSO) containing enough water so that 
the temperature could be lowered to 0" and with sodium 
thiocyanate in methanol a t  0". The resulting products 
were subjected to infrared analysis and displayed a 
sharp absorption band a t  2155 em.-', typical of alkyl 
thiocyanates. On attempted distillation a t  0.6 mm. 
the product isomerized to 3-isothiocyanocyclohexene 
as shown by the appearance of a new absorption band 
a t  2105 ern.-' and disappearance of the sharp band a t  
2155 ern.-'. On the basis of these results we conclude 
that 3-bromocyclohexene reacts with potassium thio- 
cyanate in DMSO-water or sodium thiocyanate in 
methanol a t  0" to form 3-thiocyanocyclohexene which 
is extremely labile and rearranges to 3-isothiocyano- 
cyclohexene, possibly by an allylic rearrangement, 
examples of which have previously been ~ t u d i e d . ~  -$ 

A rough estimate of the rate of isomerization of neat 
3-thiocyanocyclohexene indicates a half-life of about 
2 hr. a t  32". 

Experimental 

3-Bromocyclo- 
hexene was prepared as previously described,l b.p. 54-63" 
( 10 mm . ) . 

Reaction of 3-Bromocyclohexene with Potassium Thiocyanate 
in DMSO-Water at O".-To 10 ml. of DMSO were added 0.6 
g. (0.0062 mole) of potassium thiocyanate and 0.5 g. (0.028 
mole) of water. The solution was chilled in an ice bath and 1 .O 
g. (0.0062 mole) of 3-bromocyclohexene was added dropwise with 
shaking. The reaction mixture was poured onto ice, and an oil 
was separated from the ice-water. After brief drying over anhy- 
drous sodium sulfate a t  ice temperature, a sample of the oil was 
subjected to infrared analysis. The strong band at  2155 cm.-1 
and the absence of a strong band a t  2105 cm.-' showed the ma- 
terial to be almost exclusively 3-thiocyanocyclohexene. After 
heating the sample at 95' for 0.5 hr., a very strong band a t  2105 
cm.-l appeared accompanied by the disappearance of a separate 
band at  2155 cm.-I. On attempting to distil a larger sample of 
3-thiocyanocyclohexene prepared in the same way, material 
boiling a t  47-50' (0.6 mm.) was obtained and infrared analysis 
showed it to be 3-isothiocyanocyclohexene. 

Reaction of 3-Bromocyclohexene with Sodium Thiocyanate in 
Methanol.-To 0.81 g. (0.01 mole) of sodium thiocyanate dis- 
solved in 20 ml. of absolute methanol chilled to 0" was added 
1.61 g. (0.01 mole) of 3-bromocyclohexene. After 15 min. the 

All melting and boiling points are corrected. 
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reaction mixture was poured onto ice, and the oil was separated 
from the ice-water. The oil was dried briefly over anhydrous 
sodium sulfate a t  ice temperature and analyzed by infrared. 
Initially the oil was virtually all 3-thiocyanocyclohexene and it 
gradually isomerized as the sample was kept a t  32”. The half- 
life of 3-thiocyanocyclohexene was estimated to be approxi- 
mately 2 hr . at  32’. 

l-(2-Cyclohexen-l-yl)-2-thiourea.-Addition of aqueous-alco- 
holic ammonia to 3-isothiocyanocyclohexene yielded the thio- 
urea, 780j0, m.p. 133.5-135’, 1it.l m.p. 133-134’. 

1-(2-Cyclohexen-l-yl)-3-phenyl-2-thiourea.-To 1.39 g. (0.01 
mole) of 3-isothiocyanocyclohexene was added 0.93 g. (0.01 mole) 
of aniline and 5 ml. of dioxane. The mixture was heated on a 
steam bath for 1 hr. and was then kept a t  room temperature for 
60 hr. After dilution with water and cooling, a solid separated, 
1.28 g., 55y0 yield. The product was recrystallized once from 
benzene-cyclohexane, decolorized in ethyl acetate solution with 
decolorizing carbon, and again recrystallized from benzene- 
cyclohexane. The snow white needles melted at  98.5-100’. 
The infrared spectrum of the compound in a potassium bromide 
disk showed bands a t  3240 and 3140 cm.3 .  
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During the course of recent’ investigations of the caro- 
tenoid constituents of the peel of the trigeneric hybrid, 
Sinton citrangequat (Citrus sinensis X Poncirus tri- 
foliuta X Fortunella margarita),2 we isolated a small 
amount of a new carotenoid ketone, C33H440, which we 
propose to call citranaxanthin. 

The visible spectra (Figure 1) of citranaxanthin, re- 
corded in petroleum ether and ethanol, were very simi- 
lar to those of P-apo-8’-carotenal (11)) though somewhat 

0 

m OH 

longer in wave length. Their common spectral fea- 
tures strongly indicate the presence of a conjugated 
carbonyl group in  itr ran ax an thin.^ The visible spec- 
trum of citranaxanthin also indicated a decaenone 
chromophore similar to that of kryptocapsin (111) . 4 4  
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Figure 1.-Visible spectra of citranaxanthin: in petroleum 
ether, -. , in ethanol, ----; of ,%apo-8’-carotenal: in 
petroleum ether, ~ W I ~ M M W ;  in ethanol, - - - -. 

I n  the infrared spectrum of citranaxanthin a band a t  
1662 cm. - l ,  characteristic of a conjugated carbonyl 
g r ~ u p i n g , ~  confirmed the visible absorption data. 
Reduction of citranaxanthin with sodium borohydride 
gave a product which exhibited a hypsochromic shift 
in its absorption maxima. 

The n.m.r. spectrum exhibited singlets a t  r 7.72 
(end-of-chain methyl group (Y to a carbonyl group), 
8.02 (in-chain olefinic methyl group), 8.25 (methyl 
group attached to C=C in the cyclohexene ring), and 
8.92 (gem-dimethyl group). Additionally no signal 
could be detected in the r 0.3-0.6 region characteristic 
of aldehydic protons with a,P-unsaturation.6 The 
doublet a t  r 2.50 ( J  = 16 c.P.s.) indicates that the 
double bond to which the vinyl proton P to the carbonyl 
is attached has the trans config~ration.~~8 

On treatment with aqueous alcoholic potassium hy- 
droxide, citranaxanthin underwent a retroaldol cleavage 
to yield acetone as a volatile component. The non- 
volatile portion consisted of a compound identical with 
P-apo-8’-carotenal (11). Condensation of p-apo-8’- 
carotenal (11) with acetone in the presence of alcoholic 
potassium hydroxide afforded I. I did not separate 
from the natural pigment on thin layer chromatography 
and its infrared and n.m.r. spectra were identical with 
those of natural citranaxanthin. 

These facts lead unambiguously to I as the structure 
of citranaxanthin. This compound is the first known 
naturally occurring carotenoid with a methyl ketone 
grouping in the side chain. 
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