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Synthetic Investigations in Diterpenoids 

F o r  some t i m e  we h a v e  been  ca r ry ing  o u t  exper i -  
ments  to  deve lop  s tereospecif ic  syn theses  for t h e  d i te r -  
penoids.  I n  v iew of a r ecen t  c o m m u n i c a t i o n  b y  STORK 
and SCHWLENBERGX on t h e  syn thes i s  of d l -dehydro-  
abiet ie  acid, we wish t o  r epo r t  t h e  resu l t s  of our  own 
work  on the  syn thes i s  of DL-6 -me thoxypodoca rpane  (VI). 
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1-Methy l -7 -methoxy-3 ,  4 - d i h y d r o n a p h t h a l e n e  2 (I) was 
oxid ized  in acet ic  acid  so lu t ion  w i t h  red  lead  ox ide  3 and  
t i le c rude  d i ace t a t e  r ea r r anged  in d i lu te  a lcohol ic  sul- 
phur i c  acid to  1 -me th~q-7 -me thoxy te t r a lone -2  (II),  b.p.  
125-126~/0-8 ram, n ~  1,5730 (yield 72%) (calcula ted for 
Cl, H14 O~: C, 75.8; H,  7.4; found :  C, 76.1; 7.4), semicar -  
bazone  m.p.  191-192 ° (ca lcula ted  for ClaH~70~Na: N, 
17.0; found :  N,  17-2). Condensa t ion  of t he  f l - te t ra lone 
(II) w i th  4 -d i e thy l aminobu t anone -2 -me th iod ide*  afford-  
ed 6 -me thoxy-2 -ke to -4a -me thy l -2 ,  3, 4, 4a, 9, 10-hexahy-  
d r o p h e n a n t h r e n e  ( I I I ) ,  b.p. 115-120 ° (a i r -bath) /0 .004 
m m  as a v e r y  viscous  oil (yield 62%) (calcula ted  for  
Cl~H~sO2: C, 79.3; H ,  7.5, f ound :  C, 78-84; H,  7.5), 2,4- 
d in i t ropheny lhydrazone ,  m.p.  241-242 ° (dec.) (calculat -  
ed for C~aHI~O2Na: C, 62.6; H,  5-3; found :  C, 62-9; J-I, 
5.5). This  (II1) was t h e n  m e t h y l a t e d  w i t h  m e t h y l  iodide  

1 G. STORK and W. J, SClIWLENBERG, J. Anler. chem. Soc. 78, 
250 (1956). 
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a Cf. F. W. NEWHALL, A. S. HARRIS, H. W. FREDERICK, L. E. 

JOHNSTON, W. J. RICHTER, E. WALTON, N. A. WILSON, and K. FOL- 
KERS, J. Amer. chem. Soe. 77, 5646 (1955). 

4 j .  W. CORNFORTH and R, ROBINSON, J. chem. Soe. 1949, 1855. 

in t he  presence  of p o t a s s i u m  t e r t - b u t o x i d e  5 to g ive  1, 1- 
d i m e t h y l  - 2 - k e t o - 6 - m e t h o x y -  4a-  m e t h y l -  1, 2, 3, 4, 4a, 9- 
h e x a h y d r o p h e n a n t h r e n e  (IV), b .p.  120-125 ° (a i r -bath)]  
0-004 m m  as a glass (yield 72%).  (Calcula ted  for 
ClsH, ,O, :  C, 79-97; H,  8-2; found :  C, 79-9; H ,  8-2), t h e  
2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  m.p.  238-240 ° (dec.) crys-  
t a l l i zed  f rom acet ic  acid  and  c o n t a i n e d  one  molecule  of 
so lven t  (ca lcula ted  for  C2tH~.~O~N4, CH3COOH:  N, 10.97; 
found  N, 11.13). Mixed  me l t i ng  p o i n t  w i th  t h e  2,4-di-  
n i t r o p h e n y l h y d r a z o n e  of  t he  a, f l -unsa tu ra ted  ke tone  
(III)  shows 15 ° depression.  C o m p o u n d  I V  on hydro-  
gena t ion  w i t h  pa l l ad ium-cha rcoa l  (10%) in acet ic  acid 
af forded  1, 1-d imethyl -  2 -ke to -6 -me thoxy -4a -me thy l -  1, 2, 
3, 4, 4a, 9, 10, 1 0 a - o c t a h y d r o p h e n a n t h r e n e  (V), b.p. 180 to  
184°/0-8 m m  (calcula ted for C1sH2~O2: C, 79.4; H,  8-9; 
found :  C, 79.8; H ,  8.9); 2 ,4 -d in i t ropheny lhydrazone ,  
m.p.  198-199 ° (calcula ted for C24H2sOsN4 : N, 12-3 ; found : 
N, 12.3). The  ke to  g roup  in c o m p o u n d  V was  r educed  by  
CLEmME~SEN'S m e t h o d  to  give in good yie ld  1, 1-di- 
m e t h y l - 4 a - m e t h y l - 6 - m e t h o x y - 1 ,  2, 3, 4, 4a, 9,10, 10a-octa-  
h y d r o p h e n a n t h r e n e  (DL-6-methoxy p o d o c a r p a n e  ~) (VI), 
b.p.  145-147°/0,8 m m  as a colourless  mobi le  oil ;  n ~  
1.5570 (calcula ted  for C~sH~,O: C, 83.68; H,  10.1 ; found : 
C, 83-3; H,  10.2). 

Our thanks are due to Professor D. K. BAN~RIEE for his interest 
and encouragement during the course of this investigation. 

14. RAMAN and  P.  N. RAO 7 

Department o/ Organic Chemistry, Indian Institute o/ 
Science, Bangalore, India,  August  6, 1956. 

Zusammen/assung 

Die Syn these  v o n  1, 1 - D i m e t h y l - 4 a - m e t h y l - 6 - m e t h o x y -  
1, 2, 3, 4, 4a, 9, 10, 1 0 a - o c t a h y d r o p h e n a n t h r e n  (DL-6-Me- 
t h o x y p o d o c a r p a n )  aus  1 -Me thy l -7 -me thoxy te t r a lon -2  
wird  beschr ieben.  

5 G. COOLEY, 13. ELLIS, and V. PETROW, J. chem. Soc. 1955, 299[4. 
6 Cf. W. P. CAMPBELL and D. TODD, J. Atner. chem. Soe. 64, 928 

(1942). 
Present address: Division of Organic Chemistry, National 

Chemical Laboratory of India, Poona-8, India. 

Concentrations of Organic Acids 
i n  A n i m a l  T i s s u e s  * 

Insofa r  as we k n o w  the re  is no  s u m m a r y  in t he  
l i t e r a tu r e  of t h e  concen t r a t i ons  of o rgan ic  acids  in  ani-  
ma l  t issues.  Such  d a t a  are, therefore ,  p r e sen t ed  below. 

The  references  in T a b l e  I guide  the  r eade r  to  t he  ap-  
p rop r i a t e  foo tno te  which  p resen t s  t h e  mean ing  of the  
va lue  given.  I n  Tab le  I I  are  shown the  sources of the  

* Supported in part by a research grant from the National Cancer 
Institute, National Institutes of Health, U. S. Public Health Service. 
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Table/.--Concentrations of Organic Acids in Animal Tissues 

All concentration in rag/100 g wet tissue. Where the species is not denoted the data apply to the rat. Since references are provided with 
all values, the range or standard deviation and the method of analysis can be found in the source cited. 

1 " 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 .  

' Blood 

11} 
12 Bone 

14 Brain 
15 
16 

17 t 18 
19 Kidney  
20 
21 

Sample Ketoacids Fatty Acids Lactic Citric Other Acids 
A B C D E F 

340 1 ~ 34.2 t 

22 
23 
24 
25 
26 
27 
28 

Liver  

29 Milk 

30} 
31 
32 33} 
34 Reproduct ive  Organs  
35 

3736 } Teeth 

38 Urine 

Whole 
39 E m b r y o  

2.5 1 
3.8 1 
0.84x 
1.34 
0.21 * 
0.284 
0.9,t 

165.36 
298-3 ~ 
182-4 e 
110.8 ~ 
2607 
281 s 

13"5 1-4 

2.3 

373 xx 
272 xz 

19-0 o 
8.51o 

17.2 ~ 

2,8 ~' 
0.8 m 
2.54 

2.8 9 
0.91o 
2.911 

0 . 2 9  
0.11o 
2"2* 

18.0 
121,0 

10.8 

12,1 

8.3 

5.3 

2-4 

2.817 
1.6 is 
2.3 

500-1250 o 

0.I  

3 0 1 9  

602o 
180 ~1 

888 zz 
992a 

100-750 

9.4-31 ~4 

0"3 a 
0,2 a 
0.i 5 

15.0 a 
4"0 xa 
3.2 1,t 
1 ,5 

9.5 a 
7.1 a 
1-7 is 
1"9 14 
3.4314 la 

7.8 a 
1'8 a 
i .8  la 
1'5 ~4 
1.9814 la 
0-3614 
0.1 Is 

0.15 

1 Values for dogs. ~ Serum. 3 Fumarie acid. ¢ Pyruvic acid. 5 This 
value applies for each succinic, malic, cis-aconitic and isocitric acids. 
6 Human. 7 Defibrinated. s Oxalated. z Alpha-ketoglutaric acid. 
10 Oxalacetie acid. xt Kitten. 12 Ox. 13 Succinic. 14 Malic. 15 This 

value for each of cis-aconitic and isocitric acids, is Mouse. 17 Rabbit. 
x8 Guinea Pig. 19 Seminal vesicle. 2o Median Prostate. ~I Glandular 
vesieularis of the rabbit. 22 Dentin. 23 Enamel. 24 Chick. 

d a t a .  F o r  e x a m p l e ,  i t e m  15 in  T a b l e  I u n d e r  B (i.e., t h e  
v a l u e  17.2) i n d i c a t e s  t h r o u g h  t h e  r e f e r e n c e  '4 '  t h a t  t h e  
v a l u e  r e f e r s  to  p y r u v i c  acid .  W h e n  T a b l e  I I  is c o n s u l t e d  
fo r  t h e  i t e m  15 B,  i t  wi l l  be  n o t e d  u n d e r  ' D a t a  coo rd i -  
n a t e s '  t h a t  (see 13, 14, 15 B) t h e  c o r r e c t  s o u r c e  is re -  
f e r e n c e  5 w h i c h  u n d e r  ' R e f e r e n c e s '  is FROHMAN, ORTEN 
a n d  S~XIITH 5. (Tab l e  II, pag .  474.) 

L. M. MARSHALL a n d  K.  O. DONALDSON 

Department o/ Biochemistry, Howard University 
School o/Medicine, Washington, D. C., July  31, 1956. 

Rdsumd 

L e s  a u t e u r s  o n t  r 6 u n i  en  2 t a b l e a u x  les d o n n 6 e s  de  la 
l i t t 6 r a t u r e  s u r  le degr6  de c o n c e n t r a t i o n  des  a c ide s  
o r g a n i q u e s  d a n s  les t i s s u s  a n i m a u x .  
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Table lI.--Correlating data coordinates of Table I with data sources 

Data 
coordinates 

1 B  
1 C  
1 D  
2-3 B 
2 F  
3 , 4 F  
4 B  
4-7 C 
5D,  E 
5 , 6 B  
] B  
8-9 C 
10 E 
11, 12 E 
13, 14, 15 B 
13 E 
13 F 
13, 14, 15 F 
14 D 
15D 
1 6 F  

Relerence 
coordinate 

1 17 / ;  
2 18 F 
3 18-20 B 
3 18D, E 
4 
5 19 F 

Data Reference 

4 
5 
5 
5 

5 
5 
6 
5 

15 
16 

7 
5 

13 
5 
5 
4 
5 
9 
5 
5 

2 0 - 2 i / ;  
22-24 B 
22, 23 E 
22 F 
23 F 
24D,  E , F  
25 F 
26, 27 F 
28 F 
29 E 
30-32 B 
33-35 E 
36-37 E 
38 E 
39 E 

10 
5 

13 
2 

11 
5 
5 

10 
5 

12 
5 

12 
14 
12 
13 

* WM. M. Glvxvvl and C, M. GREEN, J. Pharmacol. 73, 441 
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Activit4 tubercu los ta t ique  de th iour4es  
ortho- et mdta.substi tu4es 

On sal t  1 que  les th iour6es  c o n s t i t u e n t  une  famil le  
c h i m i q u e  p a r t i c u l i 6 r e m e n t  f avo rab l e  ~ des  6 tudes  con-  
c e r n a n t  les re la t ions  e n t r e  la s t r u c t u r e  mol6cula i re  e t  
l ' ac t iv i t6  t u b e r c u l o s t a t i q u e .  Des  t r a v a u x  d6jh n o m b r e u x  
pubti6s  su r  ce su j e t  2, on  p e u t  t i r e r  la conc lus ion  que  les 
th iour6es  les plus ac t ives  s o n t  les thiocarbanilides poss6- 
d a n t  d e u x  s u b s t i t u a n t s  de  d i m e n s i o n s  c o n v e n a b l e s  
plac6s sur  les pos i t ions  4 e t  4'  ; p a r  exempte ,  le 4 -6 thyl -4 ' -  
i s 0 a m y l o x y t h i o c a r b a n i l i d e  p r6 sen t e  une  fo r t e  ac t iv i t6  

in-vitro et  in-vivo 3. Nous  avons  eu tou te fo i s  l ' occas ion  
de s igna le r  qu ' i l  ex i s te  des  t h i o c a r b a n i l i d e s  p o r t a n t  des  
s u b s t i t u a n t s  en d ' a u t r e s  pos i t ions ,  e t  qui,  n4anmoins ,  pos-  
s6den t  une  ac t iv i t6  t u b e r c u l o s t a t i q u e  n o t a b l O .  D a n s  
le p r6sen t  t rava i l ,  nous  i n d i q u o n s  une  s6rie de n o u v e a u x  
th ioca rban i l i des ,  qui  b ien  que  subs t i t u4s  en  p o s i t i o n  
ortho ou mdta, s o n t  dot6s  d ' u n  p o u v o i r  t u b e r c u l o s t a t i q u e  
i m p o r t a n t .  L ' a c t i v i t 6  a 6t6 d6 te rmin6e  sur  Mycobacteriurn 
tuberculosis var .  hominis  (souche H37 RVD)  p o u s s a n t  
sur  mil ieu de  c u l t u r e  de Dubos ,  l ' i nocu la t  6 r a n t  cons t i tu6  
p a r  une  dose  de  0,01 m g  de  baei l les  h u m i d e s  p o u r  5 em 3, 
e t  la s u b s t a n c e  ~ e s saye r  6 t a n t  a jou t6e  en so lu t ion  dans  
te d i6 thy l6neg lyco l ;  les l ec tu res  s o n t  fa i tes  p a r  opaci -  
m6tr ie ,  se lon une  t e c h n i q u e  d6j£ d4cr i te  d a n s  ce recueiV.  

D a n s  ces cond i t ions ,  les t h i o c a r b a n i l i d e s  ortko-subs- 
t i t u6s  su ivan t s ,  c o r r e s p o n d a n t  aux  fo rmules  g6n6rales  
I e t  I I ,  se s o n t  m o n t r 6 s  act i fs  ~ la c o n c e n t r a t i o n  de  10 -5 
(10y/cm3) : 

2-m6thylthio-4 '-n-propylthiocarbanilide, 
2-m4thylthio-4 '-n-butylthiocarbanilide, 
2-m4thylthio-4'-n-pr opoxythiocarbanilide, 
2-m4thylthio-4'-isopropoxythiocarbanilide, 
2-m6thylthio-4 '-n-butoxythiocarbanilide, 
2 -m4thylthio-4 '-isobutoxythiocarbanilide, 
2-m4thylthio-4 '-isoamyloxythiocarbanilide ; 

I 

SeCIt 3 S 
II 

2-m6thyls616no-4 '-n-butylthiocarbanilide, 
2-m6thyls616no-4 "-n-propoxythiocarbanilide, 
2-m6th yts616no-4"-isopropoxythiocarbanilide, 
2-m6thyts414no-4 "-n-butoxythiocarbanilide, 
2-m6thyls616no-4'-isobutoxythiocarbanilide et 
2-m4thylsdl6no-4"-isoamyloxythiocarbanilide ~, 

Ces r~su l ta t s  s o n t  ~ r a p p r o c h e r  de t ' i nac t iv i t6 ,  cons-  
t a t6e  d a n s  les mSmes  cond i t i ons  exp6r imen ta l e s ,  chez les 
compos6s  I e t  I I  dans  la fo rmule  desque l s  R = H, F, C1, 
Br, CH 3 et  OC2H5; ils m o n t r e n t  une  fois de p lus  l ' impor -  
t a n c e  de la l o n g u e u r  d e  la cha ine  des s u b s t i t u a n t s .  De 
mdme,  les m- et  f i - N - n a p h t y l - N ' - o - m 6 t h y l t h i o p h 6 n y l -  
th iour6es  e t  les ~- e t  f l -N-naphty l :N ' -0 -m6thy ls616no-  
p h 6 n y l t h i o u r 6 e s  son t  i nac t ives  h la c o n c e n t r a t i o n  de 
10 -5. U n  g roupe  de th iour6es  ass imi lab les  h des th io-  
ca rban i l ides  ortho-substitu6s es t  cons t i tu6  pa r  les 2-pyr i -  
dy l th iou r6es  ( I l l )  e t  les 2 - th iazo ly l th iour6es  (IV);  les 
t e r m e s  s u i v a n t s  s o n t  ac t i f s  ~ la c o n c e n t r a t i o n  de 10-5: 

N-p-chloroph6nyl-N'-2-pyridylthiour6e (III;  R = C1), 
N-p-fluoroph4nyl-N'-2-thiazolylthiour6e (IV; R = F), 
N-p-chloroph6nyl-N'-2-thiazolylthiour6e (IV; /~ = CI), 
N-p-bromoph4nyl-N'-2-thiazolylthiour6e (IV; R = Br). 
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