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Reaction of 2 mmoles of methyl bromoacetate-1 -C14 with 3 mmoles of derritol produced 
6a,l 2a-dehydrorotenone-6a-CI4 in approximately 50% yield. Sodium boron hydride 
reduction gave the 12-h~droxy-6a-C~~ intermediate and subsequent Oppenauer oxida- 
tion produced rotenone-6a-C1*. Yields for conversion of nonradioactive 6a,l2a-de- 
hydrorotenone to rotenone were 17 to 25% but, with radioactive material of 2.36 mc. 
per mmole, the yield was only 7.5%. Other oxidation procedures for the reduction 
product of 6a,l2a-dehydrorotenone are considered, as are possible explanations for 
the lower yield with the radioactive material. 

OTENOIDS: in the form of ground R derris roots: have been used for 
insect control and as fish poisons for 
more than a century. Rotenone, the 
principal active ingredient, has short 
residual action and relatively high selec- 
tivity as an insecticide. However. it 
may be very toxic to mammals and pro- 
duce tissue damage at  low dietary levels 
under certain conditions (73, 76). The 
toxicity of rotenone has been attributed 
to its high potency as an inhibitor of 
glutamic dehydrogenase (8) or more 
specifically of diphosphopyridine nu- 
cleotide-flavin-linked electron transport 
(6 ,  7, 72) .  The biological fate of rote- 
none is incompletely understood, pri- 
marily because of difficulties in specific 
analysis of micro amounts of the chemical 
and in the differentiation between rote- 
none and potential metabolites or degra- 
dation products. Future studies on the 
mode of action and biological fate of 
rotenone would be greatly facilitated by 
the availability of the radiotagged com- 
pound. 

Rotenone-CI4 has been prepared bio- 
synthetically by foliar application of 
a c e t a t e - P  to Lonchocarpus nicou ( 7  7 ) .  
The  specific activities obtained varied 
from 0.017 to 0.027 pc. per gram and 
0.4 to 1 gram of labzled rotenone 
was recovered per millicurie of acetate- 
CIJ used. Although the biosynthetic 
procedure might be modified to obtain 
a product of higher specific activity. the 
organic synthesis of rotenone-C4 ap- 
peared to be a more practical ivay of 
obtaining rotenone with a specific activ- 
ity suitable for toxicological studies. 
Total synthesis of natural rotenone can 
presumably be achieved by a 17-step 
procedure. but in an over-all yield of less 
than 0.01% (73). HoTvever, the yield 
for the preparation of rotenone from 
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6a,l2a-dehydrorotenone has been 
found to be about 22 to 24% (75); 
therefore. utilization of certain fragments 
from natural rotenone to react \vith a 
labeled intermediate appeared to be a 
practical method for synthesis of radio- 
active rotenone. The main problems 
appeared to be potentially loxv yields 
under the semimicro synthesis conditions 
and difficulties in separation of stereo- 
isomers. 

An attractive synthetic route was 
the decomposition of natural rotenone 
to derritol with the loss of t\vo carbon 
atoms. These two carbon atoms could 
be re-introduced by reaction \i.ith methyl 
bromoacetate-l-C14 to yield 6a,l2a-de- 
hydrorotenone-6a-C14, lvhich could then 
be converted to rotenone-6a-C14. In  
addition. derritol ivas a convenient start- 
ing material. as one of the asymmetric 
carbon atoms, 5'% already has the right 
configuration and, therefore. the final 
product is restricted to four isomers of 
rotenone ivhich may result from the t\ro 
remaining carbon atoms. 6 and 6a, 
being re-introduced. This alloived a 
theoretical yield of tivice that of totally 
synthetic rotenone, \vhich has eight 
possible isomers because of the three 
asymmetric carbon atoms that are intro- 
duced during synthesis. 

Derritol has been converted to 6a.12a- 
dehydrorotenone by reaction with ethyl 
bromoacetate to yield derrisic acid ethyl 
ester, in 17yo yield. followed by libera- 
tion of derrisic acid (9). This acid \vas 
converted to 6a,l2a-dehydrorotenone in 
247, yield ( 7 8 ) .  Purification of such 
intermediates appeared to be difficult on 
a semimicro scale. However. in the 
present study. synthesis conditions were 
found \\-hereby 6a.12a-dehydrorotenone 
\vas made directly from derritol, in 
approximately 507, yield. Ivithout isola- 
tion of intermediates. Sodium boron 
hydride reduction of 6a.12a-dehydroro- 
tenone is knoivn to yield the 12-hydroxy 
compound. Ivhich subsequently can be 

oxidized to rotenone by the Oppenauer 
procedure (75) .  After oxidation, 
Miyano and Matsui ( 7 5 )  treated the 
reaction products Jvith methanol and 
isolated a material designated as "muta- 
rotenone" which they considered to be a 
mixture of rotenone and epirotenone. 
However. on the basis of our studies, 
their product \\-as not the reported mix- 
ture of tlvo isomers but, rather, \\-as a 
methanol solvate of natural rotenone. 
In  the present investigation, carbon 
tetrachloride was used for separating 
rotenone from the reaction mixture be- 
cause rotenone is the only isomer which 
forms a crystalline solvate \i.ith carbon 
tetrachloride and this solvate can be 
converted to rotenone by subsequent 
crystallization from ethanol. 

The reactions involved in this radio- 
synthesis and the compound nomencla- 
ture used are indicated in Figure 1. 
More complete considerations of the 
reactions involved are given in recent 
reviavs (3: 73). 

Experimentul 
Chemicals and Methods. Natural 

rotenone (Xldrich Chemical Co.. Mil- 
ivaukee. \Vis,) ]vas recrystallized from 
ethanol to yield a product \vith a melting 
point of 162-63' C. Other rotenone 
derivatives \\-ere prepared as follows: 
6a,l2a-dehydrorotenone (m.p. 221-22' 
(2,). by treatment of natural rotenone 
v i th  alkali folloived by acid ( 7 9 ) ;  
derritol (m.p.  163-64' C . ) ,  by decom- 
position of natural rotenone with po- 
tassium hydroxide and zinc powder 
(70) ; and deoxy-12.1 2a-dehydrorote- 
none (m.p. 160-61C C. ) ,  by reaction of 
natural rotenone or 6a.12a-dehydro- 
rotenone \vith sodium boron hydride 
follo\ved by treatment w-ith 6.\- hydro- 
chloric acid a t  0' C. (73) .  All melting 
points (uncorrected) \yere determined 
on microscope cover slips on a hot block 
by observing single crystals lvith a micro- 
scope. Aluminum isopropoxide (East- 
man Organic Chemicals. Rochester, 
E. Y,) \\-as redistilled. yielding a product 
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Figure 1 . Synthetic pathway for rotenone-6a-C14 

Acid degradation of the 12-hydroxy compound formed from sodium boron hydride 
reduction of 6a,l2o.dehydrorotenone yields deoxy-1 2,12a-dehydrorotenone. This 
reaciion does not necessarily account tor the formation of deoxy-1 2,12a-dehydroro- 
tenone-6a-C" from 6a,,1 2a-dehydrorotenone-6a-CI4 during the rodiosynthesis 

boiling a t  140' to 150' ( 2 .  and 12 mm. 
Sodium boron hydride was obtained 
from Alfa Inorganics. Inc.. Beverly? 
Mass. Methyl and ethyl bromoacetate- 
l-CL4. each ivith specific activities of 2.0 
to 3.0 mc. per mmole. xvere obtained 
from the Yolk Radiochemical Co.. 
Burbank. Calif., and .Sew England 
Nuclear Corp.. Boston. M a s s .  All radio- 
active measurements jvere made ivith 
the Packard Tri-Carb Model 3003 liquid 
scintillation spectrometer. 

The identit). of radiolabeled and non- 
labeled compounds (rotenone; 6a,12a- 
dehydrorotenone; and deoxy-l2,12a- 
dehydrorotenone) was established by 
mixed melting point determinations 
and comparison of infrared spectra 
(107, chloroform solutions. Beckman 
IR-4 infrared spectrometer). Rotenone- 
6a-CL4 and 6a.12a-dehydrorotenone-6a- 
C14 Ivere also cochromatographed ivith 
kno\vn nonradioactive materials. Paper 
chromatography utilized \Vhatman No. 
1 filter paper coated jvith Do\\- Silicone 
550 and development was {vith dimethyl- 
formamide-water ( 3  to 21. according to 
Shishido (77) (rotenone, R,. = 0.85; 
Ga.12a-dehydrorotenone. R! = 0.00). 
'I'hin-la)-er chromatograins (silica gel 
G. 0.25-mm. thickness) \\-ere developed 
with benzene-methanol (97 to 3) (ro- 
tenone. R ,  = 0.70; 6a.12a-dehydro- 
rotenone. R ,  = 0.59). Radioactive 
material, ivere detected photograph- 
ically. b>- x-ray film. and knoxvn com- 
pounds jvere detected by potassium 
permanganate on paper chromatograms 
(77) and by sulfuric acid follo\ved by 
heating on thin-layer chromatograms. 
Glutamic dehydrogenase inhibition by 
rotenone and rotenone-6a-C14 \vas meas- 
ured by a described procedure (7): 
except that mouse liver mitochondria 
\Yere used instead of insect muscle. 

Preparation of Ga,lZa-Dehydrorote- 
none-6a-C" from Derritol and  Methyl 
Bromoacetate-l-C1'. Ilerritol (1.18 

grams). methyl bromoacetate-l-C14 (2.36 
mc. per mmole, 325 mg.). and an- 
hydrous potassium carbonate (426 mg.) 
in absolute ethanol (4.2 ml.) were heated 
(100" C.) in a 10-ml. sealed tube con- 
taining a glass-covered magnetic stirring 
bar. In the 4-hour heating and stirring 
period. a pink precipitate appeared and 
the solution changed from yellow to 
dark bro\vn. After the tube had been 
cooled and opened. the solution \vas 
filtered and the precipitate was washed 
with water and cold absolute ethanol. 
The product (m.p. 221-22' C.) \vas 
identical jvith authentic 6aj12a-dehydro- 
rotenone as determined by mixed melting 
point, infrared spectral. and cochromato- 
graphic comparisons; therefore. it \vas 
6a.12a - dehydrorotenone - 6a - Cl4. 
The yield. based on the radiolabeled 
intermediate. was 487, and the product 
\vas of the anticipated specific activity, 
2.36 mc. per mmole. 

Yields of 48 to 50% \\-ere obtained 
ivith either methyl or ethyl bromoacetate 
as long as the same proportions of reac- 
tants and alcohol volume Ivere main- 
tained; the specific activities \\-ere from 
0 to 3 mc. per mmole and the prepara- 
tion utilized 1 to 2 mmoles of bromo- 
acetate ester. Yields ivere not increased 
by doubling the amount of potassium 
carbonate. using methanol as the reaction 
solvent, or b>- including 0.25 mmole of 
potassium iodide per mmole of bromo- 
acetate ester in the reaction mixture. A 
higher reaction temperature (1 50' C.) 
or a tlvofold increase or decrease in 
ethanol volume greatly reduced the 
yield of 6a.l 'a-dehydrorotenone. 

Preparation of Rotenone-6a-C11 from 
Ga,lZa-Dehydrorotenone-Ga-C14. ba. 
12a-Dehydrorotenone-6a-ClA (765 mg., 
2.36 mc. per mmole) was dissolved in 16 
ml. of anhydrous dioxane and warmed to 
60' to 65" C.  Six milliliters of sodium 

boron hydride (80 mg.) in anhydrous 
ethanol were added slo\vly. The  reac- 
tion mixture was kept a t  60' to 65' C. 
for 30 minutes and, subsequently, a t  
25" C. for 18 hours. After decomposi- 
tion of excess sodium boron hydride 
Lvith acetone (5 ml.)? all solvents were 
evaporated off under reduced pressure. 
The  residue was dissolved in 15 ml. 
of chloroform and 15 ml. of \vater. 
After separation of the chloroform layer, 
an additional 15 ml. of chloroform \\ere 
used to rinse the reaction flask and again 
extract the water phase. The  combined 
chloroform phase \vas washed Tvith 
Ivater and dried ivith anhydrous po- 
tassium carbonate: and the solvent was 
evaporated. The dry residue \vas dis- 
solved in 64 ml. of anhydrous benzene 
and 40 ml. of anhydrous acetone, after 
\vhich aluminum isopropoxide (6.4 
grams) was added. 

Following 10 hours of refluxing, the 
solution was cooled to 5' C. and 20 ml. 
of concentrated hydrochloric acid were 
added. The  benzene layer was \vashed 
Ivith water and then dried ivith anhy- 
drous potassium carbonate. .4fter the 
benzene was removed by evaporation, 
10 ml. of anhydrous methanol rvere 
ad,ded to the black residue. Light 
yello~v crystals appeared and these ivere 
recrystallized from absolute ethanol to 
yield deoxy-1 2.1 2a-dehydrorotenone-6a- 
CI4 (m.p. 160-61' C., 2.36 mc. per 
mmole, 15.67, yield from 6a,12a- 
dehydrorotenone-6a-C"). The identity 
of the radioactive material ivith 
deoxy-1 2.1 2a-dehydrorotenone was con- 
firmed by mixed melting point and 
infrared spectral comparisons. The 
methanol in the filtrate was completely 
removed by evaporation and 1.0 ml. 
of carbon tetrachloride \vas added. 
Crystals obtained on cooling the carbon 
tetrachloride Tvere recrystallized from 
absolute ethanol to yield rotenone-ba-Cl4 
(m.p.  162-63' C. .  2.36 mc. per mmole, 
7.5Yc yield from 6a,l2a-dehydrorote- 
n0ne-6a-C~~).  The identity of the radio- 
active material \vith natural rotenone \vas 
confirmed by mixed melting point. and 
by infrared spectral and cochromato- 
graphic comparisons. Further. rotenone- 
6a-C14 \vas identical in potency Lvith 
natural rotenone as an inhibitor of 
glutamic dehydrogenase. 

l h i s  method for conversion of 6a,12a- 
dehydrorotenone to the 12-hydroxy com- 
pound ivith sodium boron hydride and 
then to rotenone by the Oppenauer oxi- 
dation procedure \vas identical to that of 
Miyano and Matsui (75). \Vith non- 
labeled 6a.l 'a-dehydrorotenone, yields 
of natural rotenone ivere routinely 17 to 
25y', and no deoxy-12.1 2a-dehydrorote- 
none \vas ever obtained. Three radio- 
syntheses (2.0. 2.37, and 3.0 mc. per 
mmole) gave less than half the rotenone- 
6a-C1? yields anticipated from the non- 
labeled runs made in the same \Yay, and 
ivith the identical reagents and at  the 
same scale of operation. In each radio- 
active run? deoxy-12.12a-dehydrorote- 
n0ne-6a-C~~ was obtained as a by-prod- 
uct. The specific activities of the rote- 
none-6a-C14 and deoxy-12.1 'a-dehydro- 
rotenone-6a-CI4 irere the same as that of 
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the 6a,l2a-dehydr0rotenone-6a-C'~ used 
in the reaction. Therefore, the reduc- 
tion and oxidation steps were not 
preferential for the labeled or nonlabeled 
compounds within the same reaction 
mixture. Deoxy-1  2 ,12a -dehydro ro -  
tenone-6a-Cl4 might result from in- 
complete oxidation by aluminum isopro- 
poxide of the 12-hydroxy compound 6a- 
Cl4? and its conversion on addition of 
hydrochloric acid to decompose the 
aluminum isopropoxide. An alternative 
possibility for the lower rotenone-6a-C14 
yield and formation of the by-product. 
deoxy - 12,12a - dehydrorotenone - 6a- 
C", might be a radiation-induced autoxi- 
dation during the sodium boron hydride 
reduction of 6a,l2a-dehydrorotenone- 
6a-C14, but no information is available 
on the specific intermediates formed. 

Oxidation of 12-Hydroxy Compound 
to Rotenone by Active Manganese 
Dioxide or by CrOs-Pyridine Complex. 
Two other oxidation methods were com- 
pared with the Oppenauer procedure 
for conversion of the 12-hydroxy com- 
pound to rotenone. 

Active manganese dioxide was used by 
Crombie et al. (4) to oxidize the 12-hy- 
droxy compound (obtained from natural 
rotenone reacting with lithium aluminum 
hydride) to rotenone in 45% yield; 
however: they noted that it is difficult to 
prevent some overoxidation to 6a,l2a- 
dehydrorotenone. In the present study. 
active manganese dioxide [prepared 
according to Attenburrow et al. ( l ) ]  \vas 
used to oxidize the 12-hydroxy com- 
pound prepared as described above from 
ba?l2a-dehydrorotenone with sodium 
boron hydride. The active manganese 
dioxide, used under reaction conditions 
apparently identical to those reported by 
Crombie et  a / . .  yielded no natural rote- 
none or 6a,l2a-dehydrorotenone. 
[Vhen one fourth to one half the amount 
of active manganese dioxide specified by 
Crombie was used, yields of 7 to 127, 
rotenone and 4 to 6% 6a,l2a-dehydro- 
rotenone were obtained. TJvofold in- 
crease or decrease in the acetone volume 
for the reaction had little effect on the 
yield. Thus. active manganese dioxide 
of the type used was less efficient than 
the Oppenauer procedure for conversion 
of the 12-hydroxy compound from 
ba,12a-dehydrorotenone to rotenone. 

The 12-hydroxy compound prepared 
from 6a,l2a-dehydrorotenone (788 mg.) 
was dissolved in 10 ml. of anhydrous 
pyridine and cooled to -50" C. Chro- 
mium trioxide (2.4 grams) in 40 ml. 

of anhydrous pyridine was then added 
and the mixture left for 2 hours at 25" C. 
After dilution with water, extraction 
with chloroform, and evaporation of 
the chloroform, the residual material 
was recrystallized from anhydrous meth- 
anol, giving a product ivith the melting 
point of the methanol solvate of natural 
rotenone (124-25' C.)% and? subse- 
quently, from absolute ethanol to yield 
rotenone (m.p. 163' C.?  23% yield 
from ba, 12a-dehydrorotenone) . Iden- 
tical reaction conditions except for use 
of half the amount of chromium trioxide 
gave 21% rotenone. 

The optimal temperatures for the 
first and second phases of the reaction 
were further investigated. With the 
temperature of the second phase held 
constant a t  25' C., temperatures of - 10' 
to -15' C. in the first phase yielded 
15% rotenone, while 0' C. gave no 
rotenone. b'hen the first phase tem- 
perature was held constant a t  -50' C.. 
the yields varied with the temperature 
during the second phase. For example, 
34% rotenone was obtained after 24 
hours a t  -10' C.. 40% after 48 hours at 
-10" C.: 25% after 12 hours a t  -1O'C. 
followed by 2 hours at 25' C.. and only 
8% after 24 hours at 25' C. [This 
oxidation procedure using the Cr03-  
pyridine complex was adapted from one 
reported for terpenoid oxidations (5).]  
Thus, the yields for conversion of 6a,12a- 
dehydrorotenone to rotenone varied con- 
siderably n i th  temperature, although 
under optimal conditions they \yere 
higher than with the Oppenauer pro- 
cedure. In an analogous oxidation 
reaction, a related chemical. the hy- 
droxy compound formed on borohydride 
reduction of 6H-rotoxen-12-one. was 
oxidized with chromium trioxide in 
acetone at  room temperature to form 
6a~l2a-dihydro-6H-rotoxen-12-0ne in 
good yield (2). Mhile the CrOs-pyri- 
dine complex and chromium trioxide in 
acetone were not studied Ivith 6a,12a- 
dehydrorotenone-6a-CI4. they might be 
worthy of consideration for radiosyn- 
theses of rotenone-6a-C14 in future \vork. 
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