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HYDROGEN GAS GENERATED, ML. 

Time (min.) 1 2 3 4 5 6 7 10 13 
Sample 
Matrine 8 . 5  29.3 50.0 65.3 78.0 87.3 - 
Allomrttrine 1.1 5 . 1  10.2 15.2 21.1 26.2 31.0 43.9 54.1 
Matridine 0 .5  2 .1  4 . 4  7 . 1  9 . 1  10.2 11.4 14.0 15 0 
Allomatridine 0 . 4  2 . 0  4 . 1  5.2 6 2  7 . 0  7 . 2  8 . 2  

- - 

- 

dioxide stream and the hydrogen gas that generated was de- 
termined by azotometer. 

Reaction of matrine and allomatrine with cyanogen bromide. 
A solution of 5 g. of allomatrineZs dissolved in 30 ml. of dry 
benzene was warmed on a water bath t o  60-70" and a solu- 
tion of 2.3 g. of cyanogen bromide dissolved in 20 ml. of dry 
benzene was added dropwise. The mixture was heated for 30 
min., the solvent was distilled off, and the residue was dis- 
solved in chloroform. The chloroform solution was washed 
with 10% hydrochloric acid, dried over potassium carbonate, 
and the solvent distilled off. Addition of acetone to the resi- 
due separated some crystals which were washed with acetone 
and afforded 4.0 g. of bromoallomatrine cyanamide (IX), 
m.p. 153-157'. Further crystallization from acetone gave 
plates, m.p. 167-168". 

Anal. Calcd. for Cl0HZ40N3Br: C, 54.23; H, 6.80; N, 11.86. 
Found: C. 54.03; H, 6.85; N, 12.00. 

The reaction of matrine with cyanogen bromide has al- 
ready been described.6 

Reaction of matridineZ0 and allomatridinea with methyl 

iodide. A solution of 500 mg. of the base dissolved in 2 ml. of 
methanol and 1 g. of methyl iodide was refluxed for 1 hr., 
cooled, and crystals that separated out were recrystallized. 

Allomatridine N4,Ng-dimethiodide (X) : plates (from 
methanol-water), m.p. 293-296' (decomp.). 

Anal. Calcd. for Cl6H20N2.2CH3I: C, 38.80; H, 6.58; 5, 
4.80. Found: C, 39.00; H, 6.41; N, 4.90. 

Matridine Ng-methiodide (XI) : white prisms (from ace- . .  
tone), m.p. 238-239'. 

7.44. Found: C, 50.75; H, 7.75; N, 7.29. 
Anal. Calcd. for CISH26N2.CH3I: C, 50.10; H, 7.71; N, 
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The monobromides (IIa and I Ib)  of the trans- and cis-ketones (Ia and Ib) mentioned in the title were treated with a variety 
of bases. In most cases, the A4p6-dienones (IV and V) and the lactones (II Ia  and IIIb)  were obtained as the expected prod- 
iiets. With aqueous alkali, each of the monobromides was converted in low yield to  the corresponding a-keto1 (VIIa or 
VIIb) under allylic rearrangement. As other anomalous products, a bromo lactone (VIa) and the Al**-dienone acid (VIIIa) 
were obtained from the trans-monobromide (IIa) in a few instances. Reactions of the dibromides (IXa and IXb) with bases 
led predominantly to  the bromo lactones (VIS and VIb), respectively, A probable mechanism for the unusual reactions of 
the monobromides with bases is discussed. 

Miki has reported2 that treatment of the 5- 
bromo compound (11) of the keto acid (I) with 
alkali led to a liquid lactone (111) in unspecified 
vield. Gunstone and Tulloch3 have disclosed the 
isolation of a solid lactone (111) in low purity from 
the same monobromide (11) on reaction with 
sodium ethoxide. Ishikawa4 has reported that the 
enol acetate of the malonate analog of the acetic 
acid compound (I), which was said to be a precursor 
for I, was treated with peracid followed by hy- 
drolysis-decarboxylation of the resulting lactone 
ester t o  give two solid isomers of 111. The melting 

(1) Parts XVI, &I. Yanagita, M. Hirakura, and F. Seki, 

(2) T. Miki, J .  Pharm. SOC. Japan, 75, 399 (1965). 
(3)  F. I). Gunstone and A. P. Tulloch, J .  Chem. SOC., 

(4) H. Ishikawa, J .  Pharm. SOC. Japan, 76, 494 (1956). 

J .  Org. Chem., 23, 841 (1958). 

1130 (1956). 

points reported for these solid lactones were rather 
different. The starting keto acid (la), a t  that time 
regarded as cis, was recently revised to be trans, 
possessing the acetic acid side chain axial.6 From 
steric considerations, it is obvious that the result 
of 1~hikau.a~ is most unlikely. The purpose of this 
investigation was to reexamine the reaction of the 
trans-monobromide (Ia) with base and to study, for 
comparison purposes, the behavior of the cis- 
monoenone (Ib)6 upon bromination and subsequent 
treatment with bases. 

It has been reported2s3 that monobromination of 
the trans-monoenone (Ia) with N-bromosuccin- 
imide afforded a good yield of the 5-bromo com- 
pound(I1a). The simpler procedure using one equiv- 

( 5 )  M. Yanagita, S. Inayama, N. Hirakura, and F. Seki 
J .  Org. Chem., 23, 690 (1958). 
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HO CH3 AOOH CHg AOOH 
VII’ VIIIa 

alent of bromine was found to give the same result. 
Also, bromination of the cis-keto acid (Ib) was well 
effected with N-bromosuccinimide to  form the cor- 
responding monobromide (IIb) in comparable 
yield. However, bromination of I b  with bromine 
proceeded much more slowly, as compared with that 
of the trans isomer (Ia). When the reaction of Ib 
with one equivalent of bromine was accelerated by 
exposure to  sunlight, the dibromide (IXb) was 
isolated in appreciable amount, with recovery of 
the unchanged starting ketone. This relative inert- 
ness of Ib  to  bromine may be attributed to an in- 
crease in steric hindrance due to  the combined 
effects of the two cis-substituents at  the 6- and 9- 
positions, which may prevent an axial approach of 
bromine to  the carbon at the 5-position. 

Reactions of each isomer of the monobromides 
(IIa and IIb) with a variety of bases were carried 
out under relatively mild conditions, and the 
products, except crystalline compounds, were 
isolated as 2,4-dinitrophenylhydrazones by re- 
action with Brady’s reagent.6 When the trans- 
monobromide (IIa) was heated with anhydrous 
sodium acetate in glacial acetic acid, the known 
trans-keto lactone (IIIa) was chiefly obtained, 
along Fyith a small amount of the A4v5-dienone (V), 
from the neutral fraction. With Brady’s reagent, the 
acidic fraction formed a 2,4-dinitrophenylhydra- 
zone of the ethyl ester (IV, R’ = C2H5) of the 
A4f6-dienone acid, indicating the presence of IV 
(R’ = H) in the reactionmixture. On the contrary, 
the cis-monobromide (IIb) on acetolysis furnished 
predominantly the dienone (V), together with a 
minute amount of the crystalline cis-keto lactone 
(IIIb).’ The structure for the cis-keto lactone was 
inferred from its behavior with alkali and the 
ultraviolet spectrum, 244 m,u (log E 4.13), 
being rather close to  those reported for the similar 

(6) A saturated ethanolic solution of 2,4-dinitrophenyl- 
hydrazine aiid concentrated sulfuric acid. 

(7)  The melting point reported by hliki2 for the hydra- 
zone of the trans-keto lactone (IIIa) is 10’ lower than 
that of our sample, hut identiral with that of the same 
derivstive O F  the czs-isomer (IIIb). 

lactones.8 Assignments of the structures (IV, R’ = 
H and R’ = CzHd to the dienone acid and its 
ester rest mainly on the ultraviolet spectra of the 
compounds and their 2,4-dinitrophenylhydrazones, 
resembling respectively those of bicyclic A4s5-3- 
ketones and their hydrazone  derivative^.^^^ On 
warming with ethanol, the hydrazone of the cis- 
keto lactone (IIIb) was transformed into the same 
derivative of the ethyl ester (IV, R’ = CzH6) of the 
dienone acid, affording support for the above strnc- 
tures. That the neutral dienone which is probably 
SL secondary product of the dienone acid (IV, R’ = 
H) possesses the structure V is evidenced by the 
ultraviolet spectrum and by its formation from IV 
(R’ = H) on heating. 

It is of interest that treatment of the trans- 
monobromide (IIa) with aqueous sodium bicarbon- 
ate led chiefly to the known 2-bromo 1:tctone 
(VIa),2 accompanied with a small amount of the 
dienone acid (IV, R‘ = H). On the other hand, the 
cis-monobromide (IIb) with bicarbonate gave in a 
good yield the crystalline dienone arid (lV, R’ = 
H), along with lesser amount of the dienone (V). 
When the trans-monobromide was dissolved in 10% 
aqueous sodium hydroxide, the dienone acid (IV, 
R’ = H), the bromo lactone ( V I n ) ,  and the keto 
lactone (IIIa) were obtained. In  addition, a new 
acid was isolated in minute amount from the less- 
soluble crop. On similar treatment with alkali, the 
cis-monobromide afforded a corresponding isomer 
of this new acid. Both are isomeric with the hy- 
droxy acid resulting froin hydrolysis of the keto 
lactone (111), but exhibit no ultraviolet absorption 
bands corresponding to that of the a,P-unsaturated 
ketones. Their infrared spectra possess bands a t  
3374 or 3367 cm.-’ (OH), 1733 cni.-‘ (COOH), 
1715 cm.-l (C=O in six-membered rings), and 
1681 and 813 cm.-l (R1RzC=CHR3).‘0 With 
Brady’s reagent, these acids formed no precipitates 
at  room temperature, but when warmed, both were 
converted to  the same 2,4-dinitrophenylhydrazone 
of the A4r6-dienone ethyl ester (IV, R’ = CzHj). 
These results indicated that the new acids could 
have either the a-keto1 structure VI1 or VII’, but 
the latter structure (VII’) wns excluded by the 
formation of different ketols from IIa  and IIb. 

Reaction of the trans-monobromide (IIa) with 
2,4-dinitrophenylhydrazine in hot acetic acid fur- 
nished the hydrazones of the dienone acid (IV, R’ = 
H) and of the dienone (V). In  contrast, the cis- 
monobromide (IIb) on similar treatment was con- 
verted to the hydrazones of the cis-keto lactone 
(IIIb) and the parent acid (Ib). Refluxing of the 

(8) Y.  Ahe, T. Hnrukawa, H. Ishikawa, T. Miki, hI. 
Sumi, and T. Toga, J. Am. Chem. SOC., 7 5 ,  2567 (1953); 
Y. Abe, T. Harukawa, H. Ishikawa, T. Miki, A I .  Sumi, and 
T. Toga, J. Am. Chem. Soc., 78, 1422 (1956). 

(9) F. D. Gunstone and R. M. Heggie, J .  Chem. SOC., 
1439 (1952). 

(10) L. J. Bellamy, The Infru-red Spectra of Conzplez 
Molecules, John Wile). & Sons, Inc., New York, 1954, p. 33. 
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trans-monobromide (IIa) with methanol resulted 
in the formation of the neutral ester mixture, which 
on hydrolysis produced, besides the predominant 
A4s5-dienone acid, a minute amount of the cross- 
conjugated dienone acid (VIIIa) reported pre- 
viously.ll Also the cis-monobromide (IIb) on meth- 
anolysis was mostly converted to the neutral mix- 
ture, from which only the A4e6-dienone acid was 
isolated after hydrolysis. The above cited reactions 
of the monobromides (11) with bases are sum- 
marized in Table I. 

TABLE I 
NaOAo 

NaOAc 

K OH-Me0 H 

NaHCOa 

NaHCOa 

aq. KOH 

aq. KOH 

2,4-I)initrophenyl- 

hydrazine 
2,4-I)initrophenyl- 

Ira --A IIIa + IV + V 

IIb -A IIIb + IV + V 

IIa  -A I I Ia  + IV 

IIa -- 4- I V  + v + VIa 

ITb -- IV + V 

IIa --A I I Ia  + IV + VIa + VIIa 

IIb -A IIIb + VIIb 

I Ia  ---A IV + V 

IIb -- Ib + IIIb 
hydrazine 

MeOH 

AleOH 

r-collidine 

:-oollidine 

TIa -- IV + V + VIIIa 

I'Lb -A IV + V 

I Ia  -- V + VIIS 

IIb -- IIIb + V 

It has been reported that the 2,5-dibromo com- 
pound (IXa), prepared from the trans-keto acid 
(Ia) with bromine, was treated with potassium 
carbonate or y-collidine t o  give the bromo lactone 
(VIa)2 or the A1r4-dienone lactone (Xa),3 respec- 
tively. It was now found that the same bromo lac- 
tone was obtained in a good yield from the dibro- 
mide (IXa) on acetolysis or by treatment with 
aqueous bicarbonate. However, the reported elimi- 
nation of the dibromide to Xa with hot y-collidine 
could not be duplicated in our laboratory. The only 
product isolated from the reaction was a new bromo 
lactone, which is isomeric but not identical with 
VIa. The structure (XI) for this bromo lactone was 
established by its ultraviolet spectrum, 255 
mp (log e 4.12), indicative of the A1-2-bromo-& 
keto moiety in an octaline ring.12 The cis-dibromide 
(IXb) on acetolysis afforded in 30% yield the cis- 
bromo lactone (VIb) as the only product isolated. 
Attempted dehydrobromination of these bromo 
lactones (VI) into the corresponding Al~~-dienones 

(11) T. -Mi& J. Pharm. Soc. Japan, 75, 410 (1955). 
(12) L. Dorfman, Chem. Reus., 53, 47 (1953); M. I'ana- 

gita and A. Taharit, J .  Org. Chem., 20, 959 (1955). 

resulted in failure. The equatorial orientation of 
bromine at the 2-position in the dibromides (IXa 
and IXb) is shown by the shift (ea. 20 cm.-l) of the 
infrared carbonyl band over that of the correspond- 
ing monobromides (IIa and IIb). Hence, it may be 
assumed that the bromine in the bromo lactones 
(VIa and VIb) takes up the same equatorial con- 
formation. 

Mikilt has reported that in the trans-dienone 
lactone @a), the hydroxyl group of the lactone 
ring, at that time regarded as axial, was readily 
eliminated with zinc and acetic acid. The above 
bromo lactones (VIa and VIb) were found to be 
smoothly reduced to the respective parent mono- 
enones (Ia and Ib) with the same reagents. Molecu- 
lar models clearly showed that the hydroxyl group 
of the lactone ring in the trans-series can occupy 
only an equatorial position. Obviously, the present 
and earlier results" of hydrogenolyses of VI and X 
do not conform to the suggestion by Miki13 that in 
A4-3-octalone systems, only the axial hydroxyl 
function at the 5-position is sterically favored for 
elimination with zinc and acetic acid. 

O*CH2 o W C H 2  I 
CH3 0-CO 

I 
CH, Br COOH 

IXa. b Xa 

CH3 0-CO 
XI 

It is reasonable to  assume that the aforemen- 
tioned reactions of the monobromides (IIa and IIb) 
with bases proceeded mostly by the unimolecular 
mechanism. The resulting carbonium ion (XII) 
would be expected to  suffer allylic rearrangement to 
XIII, in which attack of hydroxide ion upon the 
cationic center would form the a-keto1 (VII). In a 
previous paperI4 of this series it has been shown 
that 5-bromo-9-methyl-A4-3-octalone on acetolysis 
was rearranged to give a small amount of the cross- 
conjugated dienone. The formation of the similar 
dienone (VIIIa) from IIa  on methanolysis pro- 
vided an additional example of such rearrange- 
ment. As suggested previously,14J5 it probably 
involves an intermediate formation of. cyclopro- 
pane ring in the ion (XIII). The direct esterification 
of the monobromides on methanolysis, Khich seems 
somewhat unusual, may be accounted for by the 
assumption that the active center in the carbonium 

(13) T. Miki, J. Pharm. SOC. Japan, 75, 412 (1955). 
(14) M. Yanagita and K. Yamakawa, J. Org. Chem., 20, 

(15) M. Yanagita and S. Inayama, J .  Org. Chem., 19, 
1473 (1955). 

1724 (1954). 
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ion (XII) would be intramolecularly attacked by 
carboxyl-oxygen to  form XIV, which then could be 

IIa or IIb 

0 J$lC5 I 
0 @lCH2 CHs COOH I CHj COOH 

XI1 XI11 

il 
VIIIa VIIa or VIIb 

OCH, 
XIV 

dehydrated to the ester. It is conceivable, however, 
that the monobromides would be eliminated to  
the A4J'-dienone acid (IV, R' = H), which then 
would be esterified directly. This possibility was ex- 
cluded by the result that on refluxing with methanol 
under the conditions employed for methanolysis of 
11, IV (R'= H) gave only the dienone (V) to- 
gether with the recovered acid. In the aforemen- 
tioned reactions of the monobromides with bases, 
the trans-isomer (Ha) showed a greater tendency to  
form the lactone ring, while the cis-isomer (IIb) was 
more readily dehydrobrominated to the A4J- 
dienone compound (IV or V). These observations 
are consistent with the configurations of IIa and 
IIb, in which the axial substituent a t  the 6-position 
more readily participated in the above reactions. 

 EXPERIMENTAL'^ 

All temperatures are uncorrected, 
Bromination of trans-/t,Q-dimethyl-A4-boctalone-6-acetic 

acid (Ia). ( a )  With N-bromosuccinimide. According to the 
procedure reported p r e v i o ~ s l y , ~ ~ ~  0.37 g. of the trans- 
monoenones.(Ia) in 70 cc. of carbon tetrachloride was re- 
fluxed with 0.28 g. of N-bromosuccinimide in the presence 
of traces of benzoyl peroxide. After about 3 min., bromina- 
tion was completed, considerably reducing the reported 
reflux time (30 min.2 or 2 hr.3). The bromide (IIa), amount- 
ing to 0.27 g. (55%), was recrystallized from ethyl acetate 
to give colorless prisms, m.p. 134-136': Az:H 255.5 mp 
(log E 407): Y:::'~ 1695 (COOH), 1661 (C=O), and 1597 

(16) Microanalyses were carried out by Miss Ch. Shibuya 
and the ultraviolet measurements by Miss M. Suzuki, 
both of this school. 

~ _ _  

cm.-l (C=C). Reported, m.p. 135'2 and 126-12g0:3 hzE 246 m r  (log E 4.12).2 
The bromide remained unaffected on standing with hydro- 

bromic acid in acetic acid overnight. 
( b )  With one equivatent of bromine. The trans-monoenone 

(Ia, 0.945 g.) was treated with 0.65 g. of bromine in 4 cc. of 
chloroform at room temperature in the usual manner. The 
bromine uptake took place somewhat slowly. There was 
obtained 0.8 g. (63%) of the crude product (IIa), which 
was recrystaIlized from ethyl acetate by addition of petro- 
leum ether to give colorless prisms, m.p. 125-127' and 
mixed m.p. 128-134O. 

Anal. Calcd. for C1,H1J3rOs: C, 53.32; H, 6.08. Found: 
C, 53.13; H, 6.11. 

(c) Vith two equivalents of bromine. By the procedure de- 
scribed above, 0.945 g. of the trans-monoenone (Ia)  was 
brominated with 1.3 g. of bromine to give 1.16 g. (73%) 
of the dibromide (IXa), m.p. 129-132". Recrystallization 
from ethyl acetate-methanol by addition of petroleum 
ether gave colorless prisms, m.p. 130-132': AEH 260 mp 
(log e 4.04): ?::Fa 1684 cm.-1 (C=O). Reported, m.p. 
12202 and 123-125°;3 242 mp (log E 4.08)2 and 253 
mp (log E 4.04).3 

Anal. Calcd. for CI4Hl8Br2O3: C, 42.65; H, 4.61. Found: 
C, 42.15; H, 4.58. 

Bromination of cis-4,9-dimethyl-A4-5-octalone-6-acetic acid 
(Ib). (a) With N-bromsuccinimide. By the procedure de- 
scribed above, the cis-monoenone (Ib) was treated with AT- 
bromosuccinimide. Sfter refluxing of the mixture for 10-15 
min., the bromination was completed. The monobromide, 
m.p. 135-140°, obtained in 60% yield, was recrystallized 
from ethyl acetate to give colorless prisms, m.p. 141-142': 
A%" 256 mp (log e 4.15): Y::~ 1701 (COOH), 1663 (C=O), 
and 1597 cm.-l (C=C). 

Anal. Calcd. for Cl4HI9Br03: C, 53.32; H, 6.08. Found: 
C, 53.66; H, 6.12. 

The bromide remained unaffected on standing with 
hydrobromic acid in acetic acid overnight. 

(b) With one equivalent of bromine. Under the same condi- 
tions as described for the trans-isomer (Ta), 0.708 g. of the 
cis-monoenones (Ib) was treated with 0.49 g. of bromine 
in 3 cc. of chloroform. When about two fifths of the bromine 
had been added, the bromine uptake became considerably 
slower. The remaining bromine was added ~ i t h  exposure 
to  sunlight for 1.5 hr. Evaporation of the light brown 
reaction mixture left a red-brown viscous oil tvhich soon 
partly solidified, By trituration with a little ether, 0.4 g. 
(39%) of the dibromide (IXb), m.p. 134-135", was obtained. 
Recrystallization from ethyl acetate gave colorless prisms, 
m.p. 139-140O: A:;" 261 mp (log E 4.10): 7:F:13 1683 cm.-l 
(C=O). It showed obvious depression of the melting point 
(10-15') on admixture with the above monobromide (1%) 
of the cis-monoenone. 

Anal. Calcd. for Cl4HI8Br2O3: C, 42.65; H, 4.61. Found: 
C, 42.52; H, 4.70. 

The mother liquor of the dibromide gave 0.15 g. (21%) 
of the starting ketone.(Ia), m.p. and mixed m.p. 135-138'. 

Acetolysis of the trans-6-bromo compound (IIa). The above 
trans-monobromide (IIa, 0.70 g.) was heated with 3 g. of 
anhydrous sodium acetate in 10 cc. of glacial acetic acid on a 
boiling water bath for 2 hr. The reaction mixture was diluted 
with water and extracted with ether. The ether solution 
was mashed successively with sodium bicarbonate, sodium 
hydroxide solution, and water. The birarbonate solution 
gave a small amount (0.04 g.) of a light brown oil, which 
with Brady's reagent formed in low yield a 2,4-dinitro- 
phenylhydrazone mixture. Repeated recrystallizations from 
ethyl acetate-methanol gave deep red scales, m.p. 168- 
170°, undepressed on admixture with the hydrazone of the 
A4,5-dienone ethyl ester (IV, R' = C2H5) described below. 

The above ether solution remaining from the alkali 
extraction was dried and evaporated to leave a red-orange 
viscous oil (0.30 g.), 246 m p  (log c 4.03) and 300 mp 
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(log e 3.30). This oil formed almost quantitatively a 2,4- 
dinitrophenylhydrazone mixture, which on repeated re- 
crystallization from ethyl acetate gave the derivative of 
the trans-keto lactone (IIIa)  as red fine needles, m.p. 
236-238' (dec.): X:::'! 262 mp (log e 4.22), 293 mp (log e 
4.03) (inf.), and 385 mp (log e 4.50). Reported, m.p. 228O.2 

$rial. Cdcd. for C ~ O H Z ~ N ~ O ~ :  C, 57.96; H, 5.35; N, 13.52. 
Found: C, 57.94; H, 5.37; N, 13.30. 

The mother liquor of recrystallization of the hydrazone 
of I I Ia  afforded dark red crystals, melting in the range 
251-265' (dee.). Purification by passing through a neutral 
alumina column in chloroform solution gave the derivative 
of the A4%,'-dienone (V)  as lustrous deep red plates, m.p. 
269-271 '. Recrystallization from benzene raised the melting 
point to 271-273": 266 mp (log E 4.22), 316 mp (log 
E 4.17), and 411 mp (log E 4.54). 

Anal. C:tlcd. for C1*H2zN404: C, 61.61; H, 5.99; N, 15.13. 
Found: C, 61.23; H, 5.56; N, 15.01. 

Acetolysis of the cis-6-bromo compound (IIb). The cis- 
monobromide (IIb, 0.4 g.) was treated with sodium acetate 
by the pmcedure described above for the trans-isomer 
(IIa). The neutral product (0.17 g.), a pale yellow oil, 
partly solidified on treatment with a little ether. The cis- 
keto lactone (IIIb, 0.02 g.), m.p. 159-162', so obtained, 
TTU recrystallized from ethyl acetate by addition of petro- 
leum ether to give colorless prisms, m.p. 167-169': Xz" 
244 nip (log E 4.14): v:Ypa 1669 cm.-' (c=o) .  

-4nal. Caled. for C14H1803: C, 71.77; H, 7.74. Found: C, 
71.49; H, 7.74. 

It formed a I,4-dinitrophenylh2idrazoneJ which was re- 
crystallized from ethyl acetate to give silky yellow needles, 
m.p. 225-227': A:::" 260 mp (log e 4.09), 290 mp (log e 
3.85) (inf.), and 380 mp (log E 4.35). 

Anal. Cdcd. for C20H2~N408: C, 57.96; HI 5.35; N, 13.52. 
Found: C, 57.62; HI 5.21; N, 13.74. 

The mother liquor of crystallization of I I Ib  gave a yellow 
oil (0.13 g. ) ,  which was twice fractionated to an almost 
colorless oil, b.p. 122-125' a t  1 mm.: A:::,"," 298 mp (log E 

4.36). It consisted mainly of the A4j5-dienone (V), forming 
its 2,4dinitrophenylhydrazone, m.p. and mixed m.p. 271- 
273". 

Reaction of the trans-6-bromo compound (IIa) with meth- 
anolic potassium hydroxide. The trans-monobromide (IIa, 
0.1 g.) was dissolved in 1 cc. of 10% methanolic potassium 
hydroxide and allowed to stand in a stream of nitrogen a t  
room temperature for 2 days. The reaction mixture was 
evaporated under reduced pressure, and the residue was 
dissolved in water, acidified, and extracted with ether. After 
shaking n:th bicarbonate and then with potassium hy- 
droxide solution, the ether solution was dried and evaporated 
to give an oil (20 mg.), which formed the 2,4-dinitrophenyl- 
hydrazone, m.p. and mixed m.p. 237-239', of the trans- 
keto lactone (IIIa). Its ult,raviolet spectrum was super- 
imposable on that of the above sample. 

With Brady's reagent, the alkali- ( 5  mg.) and the bicar- 
bonate-soluble fractions (20 mg.) formed, respectively, the 
2,4-dinitrophenylhydrazones of I I Ia  and of the A4j5-dienone 
ethyl ester (IV, R'  = C2H5). 

Reaction of the transd-bromo compound (IIa) with sodium 
bicarbonate solution. A solution of 50 mg. of the trans-mono- 
bromide (1 Ia)  in chloroform-ethyl acetate was shaken 
with a saturated sodium bicarbonate solution. The shaking 
was maintrtined until no more turbidity appeared in the 
aqueous la) er on standing. The organic layer was separated, 
washed with water, dried, and evaporated to leave a pale 
yellow oil ,135 mg.), which gave crystals, m.p. 109-110", 
from ethyl acetate solution by addition of petroleum ether. 
Further recrystallizations from ethyl acetate formed color- 
less prisms, m.p. 110-112" (dec.), undepressed on admixture 
with the trzns-bromo lactone (VIa) described below. The 
acidic fraction formed the 2,4-dinitrophenylhydrazone, m.p. 
and mixed m.p. 176-178', of the A4J-dienone ethyl ester 
(IV, R' = CZH,). 

Another run was carried out in the absence of the organic 
solvent. The trans-monobromide (IIa, 0.2 g.) was added to 
4 cc. of saturated bicarbonate solution and the mixture was 
stirred a t  room temperature for 30 min. The separated oil 
was taken up in ether, and evaporation of the dried ether 
solution gave a pale yellow oil (0.118 g.), which could not 
be induced to crystallize. Distillation under reduced pressure 
gave a little oil (V) identified through the 2,4dinitrophenyl- 
hydrazone, m.p. and mixed m.p. 271-273'. 

Reaction of the cis-6-bromo compound (IIb) with aqueous 
sodium bicarbonate. By the procedures described above for 
IIa, the cis-monobromide (IIb) was treated with sodium 
bicarbonate. After shaking 50 mg. of I I b  in the organic 
solvent with aqueous bicarbonate, the bicarbonate solution 
was acidified to precipitate 15 mg. of the A4s5-dienone acid 
(IV, R' = H) as yellowish prisms, m.p. 129-132', which 
was not raised on further recrystallization from ethyl 
acetate-hexane. It had XZ" 294 mp (log e 4.48). 

Anal. Calcd. for C14H1803: C, 71.77; H, 7.74. Found: C, 
71.39; HI 7.34. 

With Brady's reagent, it formed a 2,4-dinitrophenyl- 
hydrazone, m.p. 250-251 O ,  after recrystallization from ethyl 
acetate. It showed no depression of melting point of the 
same derivative of the free acid (IV, R' = H) described 
below. 

It is to be noted that with Brady's reagent, the acid (IV, 
R'  = H) in crystalline state formed only the hydrazone of 
the free acid, while, when it was contained in the acid 
fraction of the reaction products of 11, the hydrazone of the 
ester (IV, R' = CzH5) was always obtained. 

This acid on pyrolysis was converted to the A4,6-dienone 
(V)  identified through the 2,4-dinitrophenylhydrazone, m.p. 
and mixed m.p. 271-273'. Also, refluxing of this acid with 
methanol for 4 hr. gave in 50% yield A4pK-dienone (V), along 
with recovery of the unchanged acid (40%). 

A solution of 0.10 g. of the cis-monobromide (IIb) in 
aqueous bicarbonate was allowed to stand a t  room tempera- 
ture overnight. The nearly clear bicarbonate solution was 
acidified to give a pale yellow oil, which solidified on stand- 
ing in a refrigerator. There was obtained 0.06 g. (80%) of 
the dienone acid (IV, R' = H), melting in the range 100- 
112' (dec.). Recrystallization from ethyl acetate-hexane 
gave pale yellow prisms, m.p. and mixed m.p. 128-131': 
A::" 294 mp (log E 4.48). 

From the mother liquor of this acid, the A4s5-dienone (V) 
was isolated as the 2,Cdinitrophenylhydrazone. 

Reaction of the trans-5-bromo compound (IIa) with aqueous 
potassium hydroxide. The trans-monobromide (IIa, 0.7 g. ) 
was dissolved in 7 cc. of 10% potassium hydroxide solution 
and the undissolved oil ivas taken up in ether. The ether solu- 
tion gave traces of the bromo lactone (VIa), n1.p. 105- 
108" and mixed m.p. 111-112'. The alkaline solution, after 
standing for 4 hr., was acidified under cooling, and the 
separated oil was taken up in ether. On standing in a re- 
frigerator, the ether solution deposited 0.05 g. of the trans- 
ketol (VIIa) as white crystals, m.p. 190-195". Recrystal- 
lization from ethyl acetate-petroleum ether gave fine white 
prisms, m.p. 201-203': ~ ~ ~ ~ 3 3 6 4 , 1 7 3 3 , 1 7 1 5 ,  and 1681 cm.-l 
It showed no ultraviolet absorption bands corresponding to 
that of the a,&unsaturated ketones. 

Anal. Calcd. for C14H2,O4: C, 66.64; H, i .99. Found: 
C, 66.70; H, 7.61. 

This formed no hydrazone on standing with Brady's 
reagent a t  room temperature for 2 weeks. When warmed 
with this reagent, however, the ketol (25 mg.) was con- 
verted to the 2,4-dinitrophenylhydrazone (ca. 20 mg.), 
melting in the range 140-155', of the A4j5-dienone ethyl 
ester (IV, R '  = CZH,). Recrystallization from ethyl acetate- 
ethanol gave deep red scales, m.p. and mixed m.p. 173- 
175'. 

The ketol remained unchanged on standing with 5% 
sulfuric acid a t  room temperature, but, when the mixture 
was warmed for 2 hr., there was obtained the A4t5-dienone 
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(V) identified through the 2,4-dinitrophenylhydrazone, m.p. 
260-265" and mixed m.p. 265-268'. 

The ether filtrates from the keto1 were shaken with 
aqueous bicarbonate. Acidification of the bicarbonate solu- 
tion gave an oil (0.34 g.), forming a 2,4-dinitrophenj-l- 
hydrazone mixture which was fractionally recrystallized 
from ethyl acetate. The less-soluble crop was further re- 
crystallized from the same solvent to give the hydrazone, 
m.p. and mixed m.p. 236-238', of the trans-keto lactone 
(IIIa). The more-soluble crop was further recrystallized 
from ethyl acetate-ethanol to give the hydrazone, m.p. 
162-164' (mived m.p. 170-172'), of the A4v6-dienone ethyl 
ester (IV, R' = CzH6). It had Xz:" 266 mp (log t 4.20), 
315 mp (log t 4.17), and 405 mp (log E 4.49). The discrepancy 
of the melting points of the hydrazones of IV (R' = C2Hj) 
may be due to dimorphism. 

Anal. Calcd. for C22H28N406: C, 59.72; H, 5.92. Found: c, 59.31; I I ,  5.89. 
Reaction of the cis-6-bromo compound (IIb) with aqueous 

potassium hydroxide. By the procedure described above for 
IIa, 0.4 g. of the cis-monobromide (IIb) was treated with 4 
cc. of IO$% potassium hydroxide solution. The alkaline 
reaction solution, in which, unlike the above case, no tur- 
bidity appeared on standing a t  room temperature, was 
acidified and extracted with ether. The ether solution, which 
gave no precipitates on standing in a refrigerator, was 
repeatedly shaken with aqueous sodium bicarbonate. Acidi- 
fication of the combined bicarbonate solutions gave a vis- 
cous oil (0.34 g.), which on treatment with a little ether 
gave 0.045 g. of the cis-keto1 (VIIb) as fine white crystals, 
m.p. 227-229'. Recrystallization from ethyl acetate- 
petroleum ether did not alter the melting point: VE; 3367, 
1733, 1715, and 1681 om.-' It showed no ultraviolet absorp- 
tion bands corresponding to that of the a,@-unsaturated 
ketones. 

Anal. Crtlcd. for C14H2004: C, 66.64; H, 7.99. Found: 
C, 67.03; H, 8.23. 

As described with VIIa, the cis-keto1 (VIIb) was warmed 
with Brady's reagent, to  form the hydrazone of the A 4 A  
dienone ethyl ester (IV, R' = C2Hs). 

The oily residue from the mother liquor of the cis-keto1 
formed in 40% yield the 2,4dinitrophenylhydrazone of the 
cis-keto lactone (IIIb) as silky yellow needles, m.p. and 
mixed m.p. 237-239" (after chromatography on alumina 
and recrystallization from ethyl acetate-ethanol), 

Reaction of the trans-5-bromo compound (IIa) with 8,4- 
dinitrophen (llhydrazine. The trans-monohromide (IIa, 63 
mg.) was heated with 40 mg. of 2,4-dinitrophenylhydrazine 
and 17 mg. of anhydrous sodium acetate in 1 cc. of glacial 
acetic acid in an oil bath ( 120-140') for 10 min. On cooling, 
the solution deposited 15 mg. of the hydrazone of the A4v6- 
dienone acid (IV, R' = H), m.p. 232-240". Recrystalliaa- 
tion from ethyl acetate and then from acetic acid furnished 
red scales, m.p. 250-255" (dec.): 267 mp (log c 4.05), 
315 mp (log t 4.07), and 411 mp (log E 4.38). 

Anal. Calcd. for C20H22N406: C, 57.96; H, 5.35. Found: 
C, 57.75; H, 5.86. 

The mother liquor of this hydrazone gave the same deriva- 
tive, m.p. and mixed m.p. 268-270', of the A4l6-dienone (V) 
(after chromatography on alumina and recrystallization 
from ethyl acetate). 

Reaction of the cis-5-bromo compound (IIb) with 8,4- 
dznitrophenylhzldrazine. By the procedure described above 
for IIa, 25 mg. of the cis-monobromide (IIb) was treated 
with 15 mg. of the hydrazine. On cooling, the reaction soh- 
tion deposited crystals (10 mg.), melting in the range 200- 
223'. Recrystallization from ethyl acetate gave deep red 
scales, m.p. 239-243', undepressed on admixture with the 
same derivative of the parent monoenone (Ib).b I ts  ultra- 
violet spectrum is superimposable on that of the sample 
reported previously.& The mother liquor of this derivative 
gave the hydrazone, m.p. and mixed m.p. 225-227', of the 
cis-keto lactone (II'lb) (after recrystallization from ethyl 
acetate-ethanol). 

On warming with a small amount of ethanol on the water 
bath, the hydrazone of the lactone (IIIb) was converted to 
the same derivative of the A4s6-dienone ethyl ester (TV, R' = 
C&). 

Reaction of the trans-&bromo compound (IIa) with meth- 
anol. A solution of 0.45 g. of the trans-monobromide (IIa) 
in 10 cc. of absolute methanol was heated to reflux for 4 hr. 
Evaporation of the solvent under reduced pressure left an 
oil, which wm mixed with water and extracted with ether. 
The ether solution was shaken successively with aqueous 
sodium bicarbonate, 2% sodium hydroxide, and water. 
Acidification of the bicarbonate solution afforded a pale 
yellow oil (20 mg.), which with Brady's reagent formed the 
hydrazone, m.p. and mixed m.p. 174-175', of the A4js- 
dienone ethyl ester (IV, R' = C2H,) (after recrystalliza- 
tion from ethyl acetate). 

The neutral product, a light brown oil (0.32 g.), was 
fractionated to 0.23 g. of a pale yellow oil, b.p. 173-175' 
a t  3 mm. With Brady's reagent, it  formed almost quantita- 
tively a hydrazone, m.p. 189-195', of methyl ester (IV, 
R'  = CH3) of the A'vs-dienone acid. Recrystallization from 
ethyl acetate-ethanol gave dark red fine plates, m.p. 206- 
207": A:","" 266 mp (log E 4.19), 315 mp (log E 4.17), and 
402.5 mp (log t 4.54). 

Anal. Calcd. for CI1H2,N4Ob: C, 58.87; H, 5.65. Found: 
C, 59.19; H, 5.45. 

The methyl ester, prepared from the acid (IV, R' = H) 
with diazomethane, formed the same hydrazone, m.p. and 
mixed m.p. 206-207". 

The above fractionated oil (0.2 g.) was heated to reflux 
in 1 cc. of 10% methanolic potassium hydroxide for 1 hr. 
Evaporation of the red-brown solution under reduced pres- 
sure left an oil, which was mixed with water and extracted 
with ether. The ether solution gave a little oil, forming the 
hydrazone, m.p. and mixed m.p. 265-268", of the Acn6- 
dienone (V) (after recrystallization from ethyl acetate). 
The alkali solution, separated from the neutral product, 
ww acidified under cooling and extracted with ether. The 
dried ether solution wm evaporated to small bulk, and 
petroleum ether was added. On standing in a refrigerator, 
the solution deposited two forms of light brown crystals 
(0.07 g.), which were separated mechanically. One crop 
(0.035 9.) was recrystallized from ethyl acetate-hexane to 
give the A'vs-dienone acid (IV, R' = H),  light brown 
prisms, m.p. and mived m.p. 128-131'. Another crop con- 
sisted of 0.01 g. of white prisms, m.p. 183-186', which was 
recrystallized from ethyl acetate to raise the melting point 
to 1W-192': X",k"." 243 mp (log c 4.05). It showed no depres- 
sion of the melting point on admixture with the A1v4-dienone 
arid (VIIIa) kindly furnished by Dr. Miki.11 

Anal. Calcd. for CI4Hl8O3: C, 71.i7; H, 7.74. Found: C, 
71.62; H, 7.40. 

It formed quantitatively a ,9,4-dinitrophenziZhydrazone, 
m.p. 245-250°, which was recrystallized from ethyl acetate 
to  give red plates, m.p. 243-245': 259 mcr (log e 
4.25), 312 mp (log E 3.80)' and 402 mp (log E 4.52). 

Anal. Calcd. for C20H2tN408: C, 57.95; H, 5.35; N, 13.52. 
Found: C, 58.24; H, 5.65; N, 13.10. 

With diazomethane in ether solution, the acid gave a 
methyl ester, which formed a $,4-dinitrophaylhydrazone, 
m.p. 198-200' (after recrystallization from ethyl aretate- 
ethanol): 258 mp (log E 4.29), 312 mM (log e 3.85), 
and 406 mp (log t 4.58). 

Anal. Calcd. for C2,H2,N406: C, 58.87; H, 5.65; N, 13.08. 
Found: C, 58.92; H, 5.55; N, 13.56 

Reaction of the cis-5-bromo compound (IIb) with methanol. 
By the procedure described above for IIa, 0.27 g. of the cis- 
monobromide (IIb) was treated with 8 cc. of absolute meth- 
anol. The neutral oily product (0.18 g.) formed almost 
quantitatively the 2,4dinitrophenylhydraaone, melting in 
the range 175-201°, of the A4v6-dienone methvl ester (IV, 
R' = CHs). Recrystallization from ethyl acetate gave dark 
red plates, m.p. and mixed m.p. 206-208": A:","" 266 mp 
(log c 4.27), 314 mp (log e 4.29), and 405 m p  (log E 4.61). 



AUGUST 1958 SANTONIN AIVD RELATED COMPOUNDS, XVlI 1189 

Hydrolysis of the above neutral oil gave, along with a 
small amount of the A'86-dienone (V), the A4rS-dienone acid 
(IV, R' = H), but the corresponding A1v4-dienone acid 
(VIII) could not be detected from the acid fraction. 

Reaction of the trans-&bromo compound (IIa) with y- 
collidine. The trans-monobromide (IIa, 0.25 g.) was heated 
with 1.5 cc. of purified 7-collidine (b.p. 169- 170") a t  170- 
180" for 15 min. The reaction mixture was diluted with 
ether to give a quantitative yield of the collidone hydro- 
bromide. The ether solution was washed successively with 
dilute hydrochloric acid, water, and aqueous sodium bicar- 
bonate. The neutral fraction, an oil (0.132 g.), which partly 
solidified, was triturated with ether to give 12 my. of the 
trans-keto1 (VIIa) as light brown crystals, m.p. 183-191'. 
Recrystallization from ethyl acetate raised the melting 
point to 200-203" (mixed m.p. 201-203"). The mother 
liquor of VTIa formed the 2,4dinitrophenylhydrazone, m.p. 
and mixed m.p. 266-270', of the ~i'.~-dienone (V) (after 
repeated recrystallization from ethyl acetate). 

Acidification of the bicarbonate solution gave a pale yel- 
low oil (10 mg.), which formed with Brady's reagent t.he 
hydrazone. 1n.p. and mixed m.p. 170-172", of the A4p5- 
dienone ethyl ester (IV, R' = C~HS) .  

Rcnction of the cis-5-bromo compound (IIb)  with y-collidine. 
By the procedure described above for IIa, 0.15 g. of the cis- 
monobromide (IIb) was heated with y-collidine, forming a 
quantitative yield of the collidine salt. The neutral oily 
fraction (0.07 g.) gave 0.015 g. of the cis-keto lactone 
(IIIb)  as light brown crystals, m.p. 155-157', from ether 
solution by addition of hexane. Recrystallization from ethyl 
acetate-hexane raised the melting point to 167-169' (mixed 
m.p.1. 

The mot,her liquor of IIIb gave a brown oil (0.05 g.), 
which fornied almost quantitatively the 2,Pdinitrophenyl- 
hydrazone, melting in the range 250-265", of the A4,5- 
dieiione (V). Purification by passing through ail alumina 
column in chloroform solution and recrystallization from 
ethyl acetate gave a pure sample, m.p. and mixed m.p. 

A cctolysis of the trans-2,6-dibronio compound (IXa). By 
the procedure described above for the trans-monobromide 
(Ha),  0.03 g. of the trans-dibromide (IXa) was heated with 
3 g. of anhydrous sodium acetate in 12 cc. of glacial acetic 
acid. The ether solution, containing the neutral products, 
was dried and concentrated to deposit 0.47 g. (64%) of the 
trans-bromo 1act)one (VIa) as light brown cryst,als, m.p. 
99-100'. Recrystnllixation from met'hanol mit>h charcoal 
afforded white prisms, m.p. 110-112" (dec.): 250 111~1 

(log E 4.04): &HFa 1684 cm.-l (C=O). Reported,2 m.p. 
10i-112° and A:! 242 mg (log e 4.03). 

Anal. Calcd. for C14H17Br03: C, 53.67; H, 5.47. Found: 
C, 53.19; H,  5.42. 

The bromo ltict,one (0.1 g.) waA refluxed with 1.0 g. of 
activated zinc dust in 10 cc. of ethanol containing 0.1 cc. 
of acetic acid for 15 min. After removal of zinc by filtration, 
the Eltrate was evaporated under reduced pressure to leave 
a viscous oil, which was mixed with water and extracted with 
ether. The ether solution was shaken with aqueous sodium 
carbonate, and the carbonate solution was acidified to sepa- 
rate a broivn oil which soon solidified. Recrystallization 
from methanol gave 0.05 g. (57%) of the starting monoenone 
(Ia),  m.p. and mixed m.p. 132-135'. 

271-273". 

Treatment of the bromo lactone with hot collidine in the 
usual manner formed in 83% yield the collidine salt, but no 
tractable products were isolated from the reaction mixture. 

Acetolysis of the cis-B,6-dibromo compound (IXb). The 
cis-dibromide (IXb, 0.5 g.) was subjected to acetolysis under 
the conditions described above for IXa. From the neutral 
fraction, 0.18 g. (45%) of the cis-bromo lactone (VIb) was 
isolated as pale yellow crystals, m.p. 190-103" (dec.), which 
was recrystallized from ethyl acetate and then methanol 
to give yellowish prisms, m.p. 180-181" (dec.): hz:H 248 
mfi (log E 4.13): Y:::'~ 1686 em.-' (C=O). 

Anal. Calcd. for C14H17BrOl: C. 53.67: II, 5.47. Found: 
C, 54.01; H, 5.81. 

The residual oil of the mother liauor of VIb formed the 
1 

2,4-dinitrophenylhydrazone, m.p. and mixed m.p. 271- 
273', of the A4*edienone (V) (after chromatography on 
alumina with chloroform elution and recrystallization from 
ethyl acetate). 

Hydrogenation of the cis-bromo lactone with zinc dust, 
as described above for VIa, furnished the starting cis- 
ketone (Ib), m.p. and mixed m.p. 142-144°.5 Like VIa, 
VIb could not be dehydrobrominated to the dienorie (X)  
with hot collidine. 

Reaction of the trans-2,b-dzbromo compound (IXa) wzth 
sodium bicarbonate. A solution of 0.05 g. of the trans-di- 
bromide (IXa) in ether was shaken with aqueous bicarbon- 
ate, ae described above for the trans-monobromide (IIa). 
The ether solution, separated from the aqueous layer, gave 
a light brown oil (0.05 g.), which was again dissolved in a 
little ether and stored in a refrigerator. There was obtained 
0.02 g. of the trans-bromo lactone (VIS) as light brown crys- 
tals, m.p. 100-105". Recrystallization from ethyl acetate 
gave colorless prisms, m.p. and mixed m.p. 110-1 12". 

Reaction of the trans-2,6-dibromo compound (IXa) wzth 
r-collidine. According to the procedure reported by Gun- 
stone and Tulloch,s 0.8 g. of the trans-dibromide (IXa) was 
heated with 23 cc. of purified 7-collidine. The crude product, 
a dark brown oil, was dissolved in ether, and the ether solu- 
tion was shaken with aqueous sodium bicarbonate and then 
with 1% sodium hydroxide. The alkaline solution gave onlv 
traces of a brown oil. Evaporation of the dried ether solution 
left a dark brown oil (0.23 g.) which was chromatographed 
on silica gel (1.5 X 22 cm ) and eluted with chloroform. 
The early eluted fraction afforded a fimall amount of the 
bromo lactone (XI), m.p. 132-135'. Recrystallization from 
methanol gave colorless plates, m.p. 136-138": 255 
mp (log 4.12). 

Anal. Calcd. for C14H17Br03: C, 53.67; H, 5.47. Found: 
C, 53.23; H, 5 37. 

The mother liquor of XJ gave no tractahlc products. 
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