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Saponification of 1 l-ethoxycarbonyl-l0-oxo-l,~,3,5,6,~-hexahydroquinolizo[ 1,8-a,b]quinolizine (Iaj yielded an acid I h ,  
11i.p. 270-272', which on heating with quinoline and copper sulfate formed octadehydromatrine (11). Catalytic hydrogena- 
tion of I1 over platinum oxide yielded didehydromatrine (111) which was converted to rac-allomatridine (ITr) by  high-pres- 
sure hydrogenation with copper chromite catalyst. 

From the conformational analyses of the allomatrine series and its isomeric matrine series, the structure of allonlatrine 
(Va), allomatridine (Vb), matrine (VIa), and matridine (VIh) were assigned. 

Saponification of ll-ethoxycarbonyl-l0-oxo-1,2,- 
3.5,6,7-h exah ydroquinolizo [ 1 &a, 6 ] quinolizine3 af - 
forded a carboxylic acid (Ib), m.p. 270-272", and 
its decarboxylation by heating in quinoline with 
copper sulfate gave lO-oxo-1,2,3,5,6,7-hexahydro- 
quinolizo [I ,8-a,b]quinolizine (11), m.p. 174-176" ; 

nip (log E): 230 (4.36), 270 (4.05), 395 (4.22); 
v quinolizone 1647 and 1518 cm.-l (KBr pellet). 
This was identified with ~ctadehydromatrine,~ 
obtained tly the dehydrogenation of matrine ITith 
palladium, by mixed melting point and by com- 
parison of their ultraviolet and infrared spectra. 

Hydrogenation of I1 in acetic acid with platinum 
oxide catalyst afforded didehydr~matr ine,~.~ whose 
ultraviolet spectrum exhibited absorption maxima 
at  226 mp (log e 4.32) and 274 mp (log E 4.18), and 
its hydrochloride showed maxima at  230 mp (log 
E 4.14) and 296 mu (log E 4.24). These absorption 
curves were siniilar to  t hose6 of dehydro-a-matri- 
nidine (8-methyl-9-azajulolidine) and its hydro- 
chloride, so that this hydrogenated product prob- 
ably has D, structure similar to those compounds, 
2 . e .  8-alky -9-azajulolidine. The infrared spectrum 
of didehgtlromatrine had an absorption band a t  
:I145 cm. besides those for the pyridine ring at 
1592, 1551, and 1506 em.-' (in Nujol). Since its 
benzoyl compound (as a hydrochloride) shows in- 
frared absorption bands for ester C=O (1722 cm.-I) 
and for C--0- (1281 and 1120 cm.--l) (KBr pellet), 
the band :it 3145 cm.-l is the absorption of OH. 
Therefore, it seems most appropriate to assume 
that didehydroinatrine is l-w-hydroxybutyl-4,5,6,- 
8,'3.10-hex:thydropyrido [3,i,5-i,jlquinolizine (8-w- 
hydroxybutyl-9-:izajulolidine) (111) and this struc- 
ture JWS conclusively determined by the formation 

(1) A brief report on this work appeared as a Conimunica- 
tion to the Editor, Pharm. Bull. (Tokyo), 5 ,  285 (19.57). 

( 2 )  Present address: Takamine Research Laboratory, 
Sankyo Co., Ltd., Shinagawa, Tokyo. 

(3) K. Tsiida, S. Saeki, S. Imura, S. Okuda, Y. Sato, and 
H. Mishima, J .  Org. Chem., 21, 1481 (1956). 

(4) R. H. F. Manske and H. L. Holmes, The Alkuloids, 
1-ol. 111, Academic Press Inc., Xew York, 1953, p. 178. 

(5) H. Kondo and K. Tsuda, Ber., 68,644 (1935). 
(6) S. Okud:L, Pharm. Bitll. ( T o k y o ) ,  4, "57 ~1950).  

of rac-allomatridine (IV) from I11 by the hydro- 
genation of the pyridine ring. 

Therefore, this reaction effected reductive split- 
ting of the =X-CO- bond in the quinolizone ac- 
companied by aromatization to  the pyridine ring, 
resulting in rearrangement to  a 9-azajulolidine 
system. It is known that the 9-azajulolidiiie system 
is stable and is easily formed since it is obtained in 
good yield by the palladium dehydrogenation of 
9-azahexahydrojulolidine;3 furthermore the main 
reaction product from the palladium dehydrogena- 
tion of matrine is 8-propy1-9-azaj~lolidine,~ and the 
soda-lime distillation of matrine affords a compara- 
tively large amount of 9-azajulolidine, 8-methyl-Y- 
asajulolidine, and 8-ethyl-9-azaj ulolidine. 4,7 

High-temperature and high-pressure hydrogena- 
tion of I11 with copper chromite catalyst resulted 
in the hydrogenation of the pyridine ring, with sub- 
sequent dehydration between the secondary amine 
in the piperidine ring and the priniary alcohol 
group, affording perhydroquinoliao [ 1,8-a,b]quino- 
lizine (IV) in a good yield. IV melts a t  53-55' and 
agrees well with rac-alloniatridine.8 Through the 
hydrogenation of I1 with copper chromite catalyst 
below 170' gave I11 hut IY T Y ~ S  produced directly 

Pl rl 

0 0 
Ia, R = C 2 H j  I1 
Ib, R=H Pt021Hz 

IV I 
OH 

111 

(7) E. Ochiai and S. Okuda, Pharm. Bull. (Tokz~o),  1, 
266 (1953); Chm. Abstr., 49, 8316 (1955). 

(8) C. Schopf, H. Arm, G. Benz, and H. Krim, Sntur-  
inissensehaften, 38, 186 (1951); T. F. Platonov and A.  D. 
I<rizovkov, Zhrrr. Obshchci Khim ~ 26, 383 (1956). 
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from .[I when the reaction temperature was above 
200". 

In  the ring system of matridine, there are eight 
geometrical isomers, two of rrhich are niatridine 
and allomatridine. There is some evidence useful in 
the conformational analysis of allomatrine and 
matrine. Matridine and allomatridine are respec- 
tively formed from matrine and allomatrine by re- 
duction with lithium aluminum hydride9 through 
the conversion of lactam carbonyl in the starting 
materials to  methylene groups. It is clear that the 
allo series is more stable because matrine is isom- 
erized to  allomatrine on catalytic hydrogenation 
with platinum oxideg and forms allomatridine by 
high-temperature hydrogenation with copper chro- 
mite catalyst.1° 

In the present series of experiments, on the pal- 
ladium dehydrogenation of matrine and matridine 
nt 280', we obtained allomatrinell and allomatri- 
dine. 1 sonierization of matridine with aluminum 
trichlorideI2 at  220" afforded allomatridine. These 
reactions are analogous to  those reported before in 
the conversion of sparteineI2 to  a-isosparteine 
(AlC13) and in the conversion of sparteine13 and 
anagyrinel4 respectively to  a-isosparteine and 
thermopsine(Pd). Przbylska and Barnes16 have 
definitely determined the conforniaiion of a-iso- 
sparteine to have the all trans chair form by x-ray 
crystal analysis. Therefore, we can conceive that 
the allci series takes the most stable conformation 
i.e. all four ring-junctures with the chair form16 
are trans. 

Measurement of palladium-dehydrogenation ve- 
locity" a t  280" indicated that the evolution of hy- 
drogenation in allomatrine was 27% of that of 
matrine 5 niin. later, and that of allomatridine was 
68% of that of matridine 5 min. later, showing that 
the dehydrogenation velocity of inatridine series 
was always faster than that of a110 series. This proves 
that the matridiiie series contains a larger number of 

(9) 1.:. Ochiai, S. Okuda, and 14. Miriato, Yakugrrku 
%asshi, 72, 781 (1952); Chem. Abstr., 48, 2724 (1954). 

(10) E Ochiai, J. Haginiwa, and S. Okudn, Yakugaku 
Zasshi, 71, 1279 (1951); Chem. Abstr., 46, 5604 (1952). 

(11) The recovery of matrine reported by H. Kondo and 
K. Tsuda (footnote 5) was found to have been incorrect by 
later experiments. 

(12) F. Galinovsky, P. Knoth, and F. Fischer, Monatsh. 
Chem., 86, 1014 (1955). 

(13) N J.  Leonard, P. D. Thomas, and V. W. Gash, J. 

cis-hydrogens and this agrees with the foregoing 
observation. 

On the other hand, both matrine and allomatrine 
suffer cleavage of the lactam ring by the action of 
alcoholic potassium hydroxide to  form the alkali 
salts of matrinic acid4p1* and allomatrinic acid.g 
When the respective alkali solution is refluxed for a 
few hours, t,reated with ammonium chloride to  form 
the original acid, and then heated, they respectively 
return to  matrine and allomatrine without isomeri- 
zation into the other series during this reaction. 
Soda-lime distillation of potassium matrinate af- 
fords matrine and its isomer is not obtained. 

From the foregoing facts and the results of fol- 
lowing experiments, it is concluded that the for- 
mula (V) should be assigned to the alloniatridine 
series and formula (VI) for matridine series. 

Matrine (VIa) remains inert t o  heating wit,h 
cyanogen bromide in benzene, and the starting 
material is recovered,6 while allomatrine (Va) forms 
bromoallomatrine-cyanamide (IX) , m.p. 167- 
168.5", in good yield under the same conditions. 

Matridine (VIb),lg when refluxed for 1 hr. in 
methanol with methyl iodide, forms Ng-methio- 
dide20 (XI), but alloniatridine (Vb) forms M4,N9- 
dimethiodide (X), m.p. 296", by the same re- 
action. Similar phenomena are observed in the re- 
action of potassium matrinate (XIII) and potas- 
sium allomatrinate (XII) with methyl iodide. 
While XI11 forms N9-methylmatrinate Ng-nieth- 
iodidez1 (XV), XI1 forms Ng-methylallomatrinate 
N*,,Vg-dimethiodide (XIV) .g These experimental 
facts indicate that the nitrogen atoms at  4 and 9 in 
allomatridine series are open to the attack of 
reagents while in matridine series, the nitrogen :it 
9 is open to  the attack but that a t  4 is shielded. 

These properties can be explained by assuming 
all truns juncture for the ring system (V) in allo- 
matridine series, and t,he formulas (T'I and VI') for 
matridine series. Of the six formulas (YI, VI', 
YII, VII', VIII, VIII'), the front side of nitrogen 
at 4 in VII, VII', VIII, and VIII' is shielded by the 
B- and C-rings, but the side of lone pair electrons 
of nitrogen is open to  rear-side attack, while the 
lone-pair electron side of nitrogen in formulas VI 
and VI' is shielded by the C-ring, so that the attack 
of chemical reagent on nitrogen a t  4 is interfered 
with. 

Am. Cheni. SOC., 77, 1552 (1955). 
(14) Unpublished data, of Tsitda, ~t a7. 
(15) M. Prabvlska and W. H. Barnrs. Acla Crust.. 6. (1928). 

(18) H. Kondo and E. Ochiai, Arch. Phnrin., 266, 4 
" , I .  

377 (1953). 

form for a.11 structures. 

(19) Matrine is recovered when it is refluxed with methyl 
iodide for 5 hr. but matrine methiodide is obtained when a 
mixture of matrine and methyl iodide is heated in a glass 

(16) From this deduction, in this paper, we use chair 

(17) Data regarding the difference in dehydrogenation 
velocity in cis- and trans-fused ring systems will be given in 
the following paper. Cf. M. Ehrensteiii and W. Bunge, Ber., 
67, 1715 :1935); B. Witkop, J .  Am.  Chem. Soc., 70, 2617 
(1948); N J .  Leonard and B. T,. Ryder, J .  Org. Chem.., 18, 
598 (1953); E. Renkert and I,. H. Lin, Experientia, 1 1 ,  
302 (1955); E. Wenkert and D. K. Roychaudhuri, J .  Am. 
Chem. Soc , 79, 1519 (1957). 

tube a t  100". 
(20) E. Ochiai and H. Minato, Yakugaku Zasshi, 73, 

914 (1953); Chem. Abstr., 48, 11438 (1954). 
(21) Although reference to this salt was made earlier 

(sep fnotnote In), there was no proof whether the ammn- 
nium-type nitrogen was a t  4 or 9. In the present CRSP, i t  must 
bc considered identical with that of matridine (see footnote 
20). 
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Catalytic conversion of the matrine series to  the 
all0 series can well involve isomerization at  both 
C-14 and C-16, so we could considerZ2 the existence 
of an isomer of VI, VI' with rings C/D cis-fused 
and the side chain axial (C-14). This would afford 
even greater hindrance to reactions involving 
N-4 than does structure VT. 

greater hindrance due to  C/D-cis isomer, VI', 
would not be essential for the explanation of the 
hindrance. Moreover, the steric hindrance between 
the hydrogen atoms at  C-2 and C-13 in VI' would 
be inadequate to explain the stability of matrine 
(or matridine) during the drastic reactions of 
matrine series, such as soda-line distillation. Thus 
one can eliminat,e VI' for matrine series leaving 
only VI for it. 

SupportZ4 for formulas V and VI from dipole 
moment data will be reported in a separate paper. 

EXPERIMENTAL25 

ll-Carboxy-lO-~xo-l,1,5,5,6,7-hexahydroguinolizo [1,8- 
a,b]puinolizine (Ib). To  a solution of 280 mg. of the ester (Ia) 
dissolved in 20 ml. of 95y0 ethanol, an aqueous solution of 
potassium hydroxide (130 mg. in 2 ml. of water) was added 
and the mixture was refluxed for 3 hr. Ethanol was distilled 
from the solution, 20 ml. of mater was added to the residue, 
and the solution was neutralized with hydrochloric acid. A 
yellow substance was precipitated at pH 6 to give 200 mg. of 
crystals, m.p. 250' (with decomp.); yield, 77%. Several re- 
crystallizations from pyridine raised the decomposition point 
to  272'. 

Anal. Calcd. for CleH160sN2: C, 67.59; H, 5.67; N, 9.85. 

VI 

Found: C, 67.72: H, 5.85; N, 10.07. 
mp (log e): 230 (4.36), 270 (4.05), 395 (4.22). 

Y (COOH) 1712 cm-I, Y (auinolizone) 1656, 1658, and 1661 VI11 
'R 

\'I1 

I _  

cm.-' (KBr pellet). 
10-Oxo-1 ,1,5,5,6,7-hexahydroquinolizo [l ,&a, b Iquinolizine 

(11). A solution of 410 mg. of Ib  dissolved in 5 ml. of quino- 
line, in which 40 nig. of crystalline copper sulfate was sus- 
pended, was heated for 2 lir. at 210-240' (bath temp.), 
quinoline was distilled off under reduced pressure, and the 
residue was dissolved in benzene. The benzene solution was 
washed with 10% sodium carbonate solution, dried over 
potassium carbonate, and passed through an alumina layer. 
Benzene mas evaporated from the effluent and 50 mg. of 
yellow crystals, m.p. 167-170", were obtained. Recrystallim- 
tion from acetone raised the melting point to 17&176", un- 
depressed on admixture with the octadehydromatrine ob- 
tained by the palladium dehydrogenation of matrine. 

Anal. Calcd. for C~~HI(ION~:  C, 74.97; H, 6.71; N, 11.66. 
Found: C, 75.02; H, 6.80; N, 11.68. 

1 -w-Hydroxybutyl-C,S,6,8,9,1 0-hexahydropyrido [d,4,5-c1j 1- 
quinolizine (didehydronatrine) (111). This was prepared from 
I1 by catalytic hydrogenation with platinum dioxide accord- 
ing to procedures described in the literature? or by the fol- 
lowing method. 

A solution of 1 g. of I1 dissolved in 10 ml. of dioxane was 
mixed with 0.75 g. of copper chromite. The mixture was 
heated for 4 hr. at 160-170°, with initial hydrogen pressure of 
100 atm. Recrystallization of the product from acetone gave 
colorless crystals of m.p. 105-106°. 

Anal. Calcd. for ClnH220N2: C, 73.13; H, 9.00; N, 11.37. 
Found: C,  73.07; H, 8.87; N, 11.72. 

VII' VI' 

VIII' 
a, R = 0 (matrine, allomatrine) 
b, R = HB (matridine, allomatridine) 

However, we can assume from the analogous 
resultz3 in the. reaction of methyl iodide toward a 
pair of isomers of hexahydrojulolidine (picrates, 
m.p. 187" and 226") that the shielding effect would 
be afforded even by the C-ring of VI and that the 

(24) After the appearance of our brief report (footnote l ) ,  
Bohlmann, et al. assigned the same structures for matrine 
and allomatrine by infrared spectra between 2700-2800 
cm.-' and by some other chemical evidences which differ 
from ours. [F. Bohlmann, W. Weise, and D. Rahtz, Angpw. 
Chem., 69, 642 (1957); cf. F. Bohlmann, W. Weise, H. 
Rauder, Ber., 90, 653 (1957)l. 

(25) All melting points and boiling points are uncor- 
rected. Microanalyses were done by Mr. T. Onoe of the 
Takamine Research Laboratory, Sankyo Co., Ltd. Infrared 
spectra were measured on a Perkin-Xlrner Model 21 double- 
beam recording spectrophotometer. 

(22) We art: greatly indebted to  the referees of this paper. 
They kindly pointed out that we overlooked this isomer a t  
first. 

(23) Unpublished work has revealed the following facts: 
hydrogenation of julolidine affords a pair of hexahydro- 
julolidines, one of which (picrate, m.p. 187') reacts with 
methyl iodide while mother (picrate m.p. 226O), which ie 
convertible to the former with aluminum chloride, does not. 
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4 CHJ 

COOK 
/ 

H-N & 
XI1 

H-N 
i3- XI11 

I 

3 CHJ i 
.COOCHS 

xv 

VIa is 

Perhydroquinolizo [ I  ,S-a,b]puinolizine (IT') (rac-allomatri- 
dine IV). To a solution of 1.40 g. of I11 dissolved in 16 ml. of 
dioxane was added 0.60 g. of copper chromite and the mix- 
ture was heated for 3 hr. a t  20W210' with an initial hydro- 
gen presmre of 120 atm. The base obtained as a product was 
recrystallized from petroleum ether, m.p. 53-55'. 

Anal. Calcd. for ClsH26N2: C, 76.86; H, 11.18; N, 11.95. 
Found: (2, 76.92: H, 11.24; N, 12.12. 

IV was also obtained from I1 under the same conditions. 
There WYS observed no depression of the melting point on 
admistwe of IV with 6,l-allomatridine,s m.p. 53-54', by 
Schopf. 

Dehydrogenation of matridine with palladium-asbestos. A 
mixture of 5 g. of matridine26 (VIb), m.p. 60', and 2 g. of 
40yo palladium-asbestos was heated at  310-340' for 3 hr., 
during which 1200 ml. of hydrogen was generated. The base 
obtained was distilled to collect the fraction of b.p. 98- 
130°/1 ntm., to which acetone and concd. hydriodic acid was 
added. The hydriodide (4.5 9.) so formed was recrystallized 
from acetone-methanol to give 3 g. of plates, m.p. over 
220". Further recryst,allizations from the same solvent sepa- 
rat,ed it into two kinds of crystals; the sparingly soluble 
needles, m.p. 305-310", and somewhat soluble plates, m.p. 
285-290'. Liberation of the base from the high-melting salt 
afforded all~matridine~' (Vb), m.p. 76-78", and the lower- 
melting salt regenerated the starting matridine. 

The mother liquor left after separation of the hydriodides 
was concentrated and crystals that separated out were re- 
crystallized from acetone to give 200 mg. of colorless plates, 
m.p. 194-195". ___- 

(26) Optically active. (YD -11.6'. 

VIa , VIb 

PN 
recovered & CHs I 1- 

XI 

A r ~ a l .  Calcd. for C15H?2S2.HI: C, 50.20, H, 6.42; X, 7.82 

Ultraviolet absorption: X",:" 296 mp (log t 4.22). 
The structure of this substance has not been determined 

but it is assumed to be of 9-azajulolidine system because of 
its infrared absorptions a t  1639, 1597, and 1548 cm.-' 
(KBr pellet) indicating the presence of a pyridine ring, the 
formation of a monohydriodide, and the character of its 
ultraviolet absorption curve. 

Isomerization of matridine with aluminum chloride. h mi+ 
ture of 2.6 g. of matridine" (VIb) and 2.6 g. of aluminum 
chloride was kept a t  220' for 9 hr. in a nitrogen stream. 
This was dissolved in 5% hydrochloric acid, basified, and 
extracted with ether. The base obtained on evaporation of 
ether was distilled under reduced pressure. The distillate 
deposited 0.5 g. of crystals, m.p. 72-74' when petroleum 
ether was added. Recrystallization raised the mclting point 
to 76-78', identical with allomatridineZ7 (Vb). 

Dehydrogenation of matrine,% allomatrane, 29 matridineJZ6 
and aZlomatridine.n The apparatus and method followed 
those reported by Hyman.30 Five hundred milligrams of the 
base and 200 mg. of 40y0 palladium-asbestos were used. The 
reaction vessel was immersed in a metal bath of 280" 
and the mixture was heated rapidly to 307" =k 3" in carbon 

Found: C, 50.44; €I, 6.42; ?rT, 8.58. 

(27) Optically active. CYD +28.2'. 
(28) Natural substance shows (YD f39.1". 
(29) Prepared by the isomerization of matrine. CYD +77.9". 
(30) L. F. Fieser, Ezperiments in Organic Chemistry, 

2nd Ed., D. C. Heath and Go., New York, 1941, pp. 458- 
464. 
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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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Santonin and Related Compounds. XVII.1 Reactions of the Bromo Derivatives 
of 4,9-Dimethyl-A4-3-octalone-6-acetic Acid with Bases 

SEIICHI INAYAMA 
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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). 


