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the isolated and synthetic material were identical. 
By means of paper chromatography and a 

specific color test6 glucose was shown to be formed 
on treatment of the seed meal extract with myro- 
sinase. This information is interpreted as showing 
the compound is derived from a glucoside. 

The identification of this enzymatically formed 
isothiocyanate from L. lasiocarpa seed adds the 
homologous 8-carbon compound to the previously 
identified 5-, 6-, and 7-carbon compounds of similar 
structure elaborated in nature by Cruciferae. The 
lower homologs have been identified by Kjaer and 
co-workers'-9 as enzymic hydrolysis products of 
glucosides present in the seeds of Iberis sempervirens, 
Eruca sativa, and Berteroa incana, respectively. In  
accordance with the method of naming the parent 
glucosides followed by these workers, the name 
glucolesquerellin is suggested for the postulated 
parent glucoside. 

EXPERIMENTAL 

IsolatLon and characterizateon of iV-(6-methylthiohexy1)- 
h o u r e a .  Four 5-g. samples of finely ground, petroleum 
ether-extracted seed meal from Lesquerelh Easiocarpa 
n ere treated with myrosinase (for preparation see Wetterlo 
and Wredell) in order to hydrolyze the glucoside. To each 
sample was added 100 ml. of citrate buffer, pH 4 (0.20111 
citric acid adjusted to pH 4 with saturated sodium hy- 
droxide) and 6 ml. of myrosinase solution in a 500-ml. 
flask that could be attached to a steam distillation apparatus. 
The stoppered flask was shaken for 3 hr. a t  room tempera- 
ture. Prior to  steam distillrttion 15 ml. of a mixture of eth- 
anol-butanol (1 : 1) was added. Rapid steam distillation of 
the volatile isothiocyanate was continued until about 200 
ml. was collected in 25 ml. of ice-cooled concd. ammonium 
hydroxide. The four ammonium hydroxide solutions were 
combined after standing overnight, concentrated to about 
100 nil. 011 a rotary evaporator a t  40°, and filtered. The 
filtrate was further concentrated to  25 ml. After cooling in 
the refrigerator for a t  least 2 hr., the crystalline material 
was collected on a micro Bdchner funnel, dissolved with 4 ml. 
of absolute ethanol, and refiltered. On adding 8 ml. of water, 
recrystallization occurred. After cooling again in the re- 
frigerator the material was filtered, air-dried and then dried 
in vacua at room temperature to constant weight. Yield, 
122 mg. Melting point on a micro hot stage, 72-73'. 

Anal .  Calcd. for C8HL8N&: C, 46.6; H, 8.9; N, 13.6; 
S, 31.1. Found: C, 46.8; H, 8.8; N, 13.5; S, 31.0. 

Comparison with authentic N-(6-methylthiohexyl)thio- 
urea gave no depression of mixed melting point. Both 
compounds gave the same Rph valne of 1.19 by ascending 
chromatography using water-saturated chloroform as the 
mobile phase. Their X-ray patterns and infrared absorption 
spectra (2 to 15 p )  were identical. Two crude preparations of 
the thiourea (m.p. 70-72") from different accessions gave 
yields of 99 and 132 ing. from 10 g. of each seed meal. 
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(8) A. Iijaer, R. Gmelin, and I. Larsen, Acta Chcm. Scand., 

9,1143 (1965). 
(9) A. Kiaer. I. Larsen. and R. Gmelin. Acta Chem. Scand.. 
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(11) F. Wrede, Die Methoden der Fermentforschung, Band 

2, E. Bamann and K. Myrback, George Threme, Verlag, 
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Evidence for the presence of the parent glucoside. A hot 
acetone-water (3:l) extract (200 ml.) obtained from 3 g. 
of oil-free meal was concentrated under vacuum to 10 ml. 
A portion of the solution was hydrolyzed with the myrosi- 
nase-citrate solution as used in Wetter'slO analytical prc- 
cedure. The hydrolyzed solution and appropriate controls, 
including the myrosinase-citrate solution, were examined 
by paper chromatography using two different solvent sys- 
tems: (1) Ethyl acetate:pyridine:water (3: 1.25: 1)12 and 
(2) 1-butano1:water:acetic acid (4:s: 1). Two different 
detection reagents were used: (1) Aniline-diphenylamine- 
phosphoric acid in acetonel2 and (2) glucose oxidase rea- 
gent.6 

Only trace amounts of glucose were detected when the 
unhydrolyzed solution was chromatogrammed. A significant 
amount of glucose was detected when a hydrolyzed solution 
equal to about one fifth of the unhydrolyzed material was 
chromatogrammed. 

Analysis of seed meals. Composition of the seed meal for 
total volatile isothiocyanate determined by the method of 
Wetter'o and calculated as 6-methylthiohexyl isothiocya- 
nate was 1.2%. Seed meals from two different accessions of 
L. lasiocarpa contained about the same amounts of steam- 
volatile isothiocyanate. No thiooxazolidone was found. 
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The bufadienolides are a group of naturally 
occurring a-pyrones in which the pyrone ring is 
linked a t  the 5-position to the 17P-position of a 
substituted steroid nucleus. One of the reactions 
characteristic of simpler a- and y-pyrones embodies 
their conversion with ammonia, or with amines, 
to pyridone derivatives.2 Although the transforma- 
tion has been considered general, experimental 
conditions required-at least those employed- 
have varied widely.3 

In  a study of the behavior of white squill bufa- 
(1) L. F. Fieser and 31. Fiesw, Steroids, Rheinhold Pub- 

lishing Company, New York, 1959, p. 782. 
(2) L. F. Cavalieri, Chem. Rev., $1, 525 (1947); J. Fried 

in Heterocyclic Compounds, edited by R. C. Elderfield, John 
Wiley and Sons, Inc., New York, Vol. 1 (1950), p. 356. 

(3) H. S. Mosher in Heterocyclic Compounds, edited by R. 
C. Elderfield, John Wiley and Sons, Inc., New York, Vol. 1 
(1950), p. 472. 
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dienolides with ammonia, scillaridin h (I) was 
recovered unchanged after treatment with am- 
monium acetate in refluxing acetic acid, as well 
as after treatment with anhydrous methanolic 
ammonia. Aqueous methanolic ammonia in the 
presence of ammonium chloride a t  120", however, 
gave 14% of the pyridone 11. Under more favorable 
conditions, four hours of treatment of a dimethyl- 
formamide solution of scillaridin h with 6.5 equiva- 
lents of ammonium acetate and 1.5 equivalents of 
acetic acid in a sealed tube a t  175" afforded I1 in 
58% yield. 

Elimination of the 14p-hydroxyl group of I1 
with thionyl chloride in pyridine at  0" gave 111, 
identical with the pyridone prepared directly from 
14-anhydroscillaridin A. The very sparingly soluble 
pyridones I1 and 111 gave a red coloration with 
ferric chloride and provided infrared spectra with 
prominent bands a t  6.05 and 6.25 f i .  

With the ammonium acetate-dimethylformamide 
procedure, scillaren A, the native 3p-glucorhamno- 
side from Scilla maritima, afforded 36% of the 
pyridone bioside IV. Proscillaridin A, the 3p- 
rhamnoside obtained by enzymatic cleavage of 
scillaren A, gave the corresponding pyridone 
monoside. 

Since epimerization at  C17 during pyridone 
formation is possible14 degradation of IV to a 

I I1 
0 

I11 I 
I 

I ,  -Rhdmnose 

I )  -Glucose 
I \' 

dcrivativc of cstublishccl contigurution was at,- 
tcmptcd. l'otassiuin pernisngnnute in acctonc> at 
O", unclcr conditions developccl for conversion of 

scillaren X to the 8-etio acidj5 did not attack the 
pyridone nucleus. Less cautious oxidation gave no 
definite product. 

An alternative scheme, involving perhydrogena- 
tion of I11 to the piperidone, followed by deamina- 
tion to a saturated lactone for comparison with the 
hydrogenation product of 14-anhydroscillaridin A, 
likewise was not successful. Although sodium 
nitrite-acetic anhydride-acetic acid nitrosation of 
the platinum-acetic acid reduction product of I11 
(five equivalents of hydrogen absorbed) gave a 
crystalline N-nitrosolactam, satisfactory conditions 
for pyrolytic decomposition to the saturated lactone 
were not found. Consequently, assignment of 
orientation at  C-17 must remain in abeyance. 

The sparingly soluble nature of the steroid 
pyridones imposes limitations on biological work 
with the compounds. In pharmacological studies 
a t  the Sandoz laboratories, the pyridone glucorham- 
noside IV, a t  a concentration of exhibited no 
cardiotonic properties when tested with the isolated 
guinea pig auricle. 

EXPERIMEXTAL~ 

14p-H ydroxy-l7.$-(2'-hydroxy-5'-pyridyl)-9,5-androsta- 
diene (pyridone covnterpart of scillaridin A )  (11). A. A solu- 
tion of 366 mg. (0.001 mole) of scillaridin A (I), 500 mg. 
(0.0065 mole) of ammonium acetate and 0.1 ml. (0.0016 
mole) of glacial acetic acid in 10 ml. of dimethylforinamide, 
together with a magnetic bar, was sealed under nitrogen in a 
Pyrex tube and heated with stirring at  170-180' for 4 hr. 
hfter the cooled solution had been diluted with 10 ml. of 
water, the precipitate was collected by filtration, washed 
with water and with ethanol, and dried to give 212 mg. 
( 58y0) of crystalline material. The substance was virtually 
insoluble in the common organic solvents, precluding meas- 
urement of the rotation or determination of the ultraviolet 
spectrum. For analysis the compound was recrystallized 
from hot dimethylformamide to  give a product which was 
sublimed a t  260' and 0.02 mm.; m.p. 330-345"; infrared 
spectrum: 6.05, 6.25 p (pyridone). 

Anal. Calcd. for CzaHallPu'Oz (365.50): C, 78.86; H, 8.55; 
?j,3.84. Found: C, 78.99; H, 8.54; N, 3.81. 

B. A solution of 73 mg. (0.0002 mole) of scillaridin A and 5 
mg. (0.0001 molej of animonium chloride in 5 ml. of 90% 
nqueous methanol was sat,ura.ted with ammonia at  25O, 
sealed in a Pyrex tube, arid heated a t  120" for 3 hr. The solu- 
tion was concentrated under reduced pressure to give 3. 

residue which was dissolved in a mixture of chloroform and 
methanol. Addition of ether afforded 12 mg. (147,) of crystal- 
line product; m.p. 300-310'; infrared spectrum: identical 
with that from the product prepared according to procedure 
A. 

l ~ ~ - ( Z ' - H y d r o z ~ d ' - p y r i r ~ ~ ~ ~ ) - S , 5 - 1 ~ - a n r ~ r o s t a t r i e r k e  ( p y r i -  
done counterpart o j  l/t-anhyd,oscillarid~ri A )  (111). A. To ri 
mngrietic:illy stirred suspension of 365 rug. (0.001 mole) 
of l- l-~-li~~clroxy-l~~-(2'- l iytlroxy-5'-~yrid~-l)-~,~-androsta- 
diene (11) in IT0 nil, of anhydrous pyridine at  0" was added 
1.7 ml. of thionyl chloride. The flask \vas closed with a 
cdcium chloride tube. After 45 min. a t  O " ,  followd by 45 

( 5 )  Cj. the transformation of uzarigenin to 1 7 ~ u z a r i -  
genin in good yield through heating with sodium p-toluene- 
sulfonate in dimethylformamide: A. Kuritzkes, J. Von Euw, 
arid T. Reichstein, Helv. Chirn. Acta., 42, 1502 (1959). The 
reaction appmrs to he a general method for conversion of 
176- to 1 im-cwdc,riolides: J .  €1. Russel, ( 1 .  Schindler, arid 
'Y. I<cic.hstciu, H c l v .  Chini. .Iclu., 43, 167 (11)OO). 

(5) A. von Wartburg, Helv. @him Acta, 43, 686 (1960). 
(6) Melting points were observed on a calibrated micro 

hot stage. Microanalyses were performed by Dr. S. M. 
Sagy, hlassachusetts Institute of Technology, Cambridge, 
&lass. Infrared spectra were recorded with a Perkin-Elmer 
,~l,ectrophotorrieter, model 137. Only those furictional bands 
of signifirancc in iritcrprctation are meiitionecl. 
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min. a t  25", the mixture was concentrated under reduced 
pressure to one-third its volume and was diluted with 30 g. 
of ice. The precipitate was collected by filtration, washed 
with water, and dried to give 386 mg. Recrystallization from 
chloroform-et,her gave 318 nig. (91%); m.p. 262-275'. 
After decolorization Tvith Sorite in chloroform-methanol, 
followed by several recrystallizations from chloroform-ether, 
the analytical sample melted at 267-282"; (011 -154' 
(chloroform) ; infrared spectrum: 6.05, 6.25 p (pyridone). 

Anal .  Calcd. for C21H2JO (347.48): C, 82.95; H, 8.41; S, 
4.04. Found: C, 82.70; H, 8.26; N, 3.94. 
B. A solution of 35 mg. (0.0001 mole) of 14anhydroscil- 

laridin -4,' 100 mg. (0.0013 mole) of ammonium acetate and 
0.01 ml. (0.00016 mole) of glacial acetic acid in 3 ml. of 
diniet,hylformamide was sealed in a Pyrex tube and heated 
a t  150" for 3 hr. After the solution had been diluted with 6 
ml. of water, the amorphous precipitate xyas collected by 
filtration, washed with water, and dried to give 23 mg. 
Recrystallization from methanol-ether, after decolorization 
with Sorite, gave 4 mg. of crystalline material; m.p. 260- 
275"; mixed melting point with the product prepared ac- 
cording to procedure 8, 260-275" ; infrared spectrum: iden- 
tical with that of the product prepared according to pro- 
cedure A. 

Sp, l@-Dihydrory-l7E-( Z'-hydroxy-5'-pyridyl)-/i-andro- 
stene 3p-~-~~uco-~-rha?nnoside (pyridone counterpart of sed- 
laren A )  (IV).  A solution of 346 mg. (0.0005 mole) of scil- 
laren A, 650 mg. (0.0084 mole) of ammonium acetate, and 
0.1 nil. (0.0016 mole) of glacial acetic acid in 8 ml. of di- 
methylformamide, together with a magnetic bar, was sealed 
under nitrogen in a Pyrex tube and heated with stirring for 
4 hr. a t  180'. The solution was concentrated nearly t.o dry- 
ness under diminished pressure to give a residue which was 
washed wit,h 5 ml. of ether and with 10 ml. of acetone. 
A solution of the solid in 40 nil. of chloroform-ethanol (2: 1) 
was washed with water and was dried over anhydrous sodium 
sulfate. The filtrate from the desiccant was concent,rated 
under reduced pressure to give 320 mg. of amorphous residue. 
Recrystallization from methanol-acetone gave 125 mg. 
(%Yo) ; m.p. 250-267". Several recrystallizations from 
methanol-acetone afforded fine rosettes of needles; the 
analyt,ical sample TTas dried 4 hr. a t  100" and 0.02 mm.; 
m.p. 283-284'; infrared spectrum: 6.05, 6.25 p (pyridonei. 

Anal. Calcd. for C3fiH53X012 (691.83): C, 62.53; H, 7.72; 
N, 2.03. Found: C, 62.74; H, 7.88; X, 2.10. 
A solution of 230 mg. (0.0003 mole) of I V  and 3 ml. of 

acetic anhydride in 3 ml. of anhydrous pyridine \vas kept 
a t  0" for 72 hr. The mixture was concentrated under w- 
duced pressure to give a residue which was dissolved in 
chloroform. The solution was washed with 2N aqueous 
hydrochloric acid, with 2 S  aqueous sodium carbonate, and 
with water and was dried over anhydrous sodium sulfate. 
The filtrate from the desiccant was concentrated under 
reduced pressure. Recrystallization of the residue (323 mg.) 
from methanol-ether gave 233 mg., m.p. 170-175'. A chloro- 
form solution of this material was filtered through silica 
gel. The residue from vacuum evaporation of the solvent 
was recrystallized from methanol to afford 127 mg. (45%) 
of very fine needles of the hexaacetyl derivative of IT; 
m.p. 239-242"/270-280"; infrared spectrum: 5.80 (acetosy), 
6.05, 6.25 p (pyridorie). 

;3p,l/ip,-Dihyrlroxy-l ?E-( d'-hydroxy-J"-pyridy~)-/i-ut~dro- 
s h e  tJp-L-rhuilLnoside (pyr idone  counterpart of pioscillarirlin 
.I). -I solution of 106 mg. (0.0002 mole) of proscillaridin A, 
300 trig. (0.004 mole) of ammonium acet,ate and 0.1 nil. 
(0.0016 molc) of glacial acetic acid in 1 ml. of dirnethyl- 
formamide was sealed in a Pyrex tube and heated for 3 hr. 
a t  160". The mixture was concentrated under reduced pres- 
sure to give a residue which was washed with ether and with 
acetone. A solution of the solid in chloroform-ethanol ( 2 :  1) 
was washed with mater, dried over anhydrous sodium sulfate, 

(7) A. Stoll, E. Siitcr, W. lireis, B. 13. Busseniaker, ancl A. 
Ilofni~tr~n, Helv. f " h i ! t / .  ilclu, 16, 70:E (1933). 

and concentrated under reduced pressure. Recrystallization 
of the residue from methanol-ether gave 46 mg. (4370'1 of 
brown crystalline material; m.p. 283-286'. h methanolic 
solution of this product was decolorized with Piorite. Two 
recrystallizations from methanol-acetone gave 19 mg. of 
triangular plates with convex sides; m.p. 289-292" ; infrared 
spectrum: 6.05, 6.25 p (pyridone). 

Anal. Calcd. for C30H43X07 (529.65): X, 2.64. Found: 
S, 2.61. 

S-,\Titrosolactam of hydrogenation product of 17€-(9'- 
hydroxy-5'-pyridyl)-3,5,1Q-androstatriene. A solution of 315 
mg. (0.001 mole) of 17&(2'-hydroxy-5'-pyridyl)-3,5,14- 
androstatriene (111) and 1 drop of concd. hydrochloric acid 
in 70 ml. of glacial acetic acid was shaken with hydrogen 
in the presence of 60 mg. of platinum oxide for 15 hr. a t  
26". h total of 140.6 ml. of hydrogen was takenup (theory for 
five double bonds plus catalyst: 125 ml.). After the catalyst 
had been removed by filtration, the solution was concen- 
trated under diminished pressure to give a residue which was 
diluted with rhloroform. The chloroform solution was 
washed with 2N aqueous sodium carbonate and with watei 
and was dried over anhydrous sodium sulfate. Vacuum 
concentration of the filtrate from the desiccant gave 360 
mg. of amorphous material which was crystallized from 
chloroform-ether to afford 269 mg. (82%) of crystalline 
product; m.p. 200-260". 

To a solution of 218 mg. (0.00067 mole) of this material 
and 0.8 ml. of glacial acetic acid in 5 ml. of acetic anhydride 
at 10-15' was added (in small portions during 4 hr.) 800 
mg. of sodium nitrite.8 After addition of 25 ml. of ice water, 
the mixture was extracted with ether. The organic phase 
was washed with water and was dried over anhydrous sodium 
sulfate. Concentration of the filtrate from the desiccant 
gave a residue which was crystallized from ether-petroleum 
ether (b.p. 30-60") to afford 61 mg. (25%) of yellow crystal- 
line product; m.p. 160-170"; infrared spectrum: 5.80 p S g  
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(8) Cf. E. H. L\rhite, J .  Am. Chcnz. Soc., 77, 6008 (1955). 
(9) Cf. the infrared spectrum of AT-nitroso-Q-piperidone 

(yellow crystals, m.p. 40-45"): prominent band at 5.80 w .  

Preparation of Trimethylsilyl-Substituted 
Dihydric Phenols and 

'l'rimc thylsill lhcnzoquiiione 

GLEXN 1). COOPER, EAI~RY \\ II ,I .IAM~, .mu CYNTHIA 1'. 
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lieceaverl - l p r i l  $8, 1.961 

It  as recently shown that trimethylsilyl-sub- 
stituted aryloxytriinethylsilanes can be converted 
l o  the correspoiiding phenols Lvithout loss of tri- 
inctliylsilyl groups fi-oin thc r i ~ g  by dissolving the 


