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gift of neomycin samples, and to Lfr. d. D. Argou- 
delis for counsel and assistance. 

(7) Robert F. Carr Fellow, 1957 58 
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A NEW CLASS OF POTENT CORTICAL 
HORMONES.' 6a-CHLOROCORTICOIDS 

Sir: 
\Ye have found that 66-chloro substitution 

aniong corticoids decreases thymolytic and anti- 
inflammatory activity and increases sodiuni reten- 
tion, 6a-chloro substitution in general not only en- 
hances thymolytic and anti-inflammatory activity 

tate on reaction with N-chloroncetamide in aqueous 
buffered acetone solution yielded EiB-chloro-"S" 
acetate (1n.p. I%--IW@, [ a ] ~  +41°, A,,, 240 111~ .  

log E 4.15. Found for Ca3H&1 Os: C, (5.3s; 13, 
7.11 ; C1, 8.28) which was inverted to XI' by trcat- 
ment with hydrogen chloride ill acetic acid. Sclc- 
niuni dioxide osidation6a~b~c d followed by saponifi- 
cation and (1) adrenal incubation? or ( 2 )  fermenta- 
tion with Cunntnglaamellaa bainierr .iTCC 0244 gave 
Ccr-chloroprednisolone (XII). .Idrenal or niicrobio- 
logical oxidation of 2-3' followed by acetylatiori o r  
hydrogen chloride acetic acid treatment oi . icu.tia 
oxido - 3,20 - biseth~lenediox~al1opregn:lrlc - 1113 - 
17a,21-triolg 'icetate gave VI11 which  ai um- 
verted to XI1 acetdte (n1.p. 201-20>@, [.ID + t  
A,,, 212 nip, log E 4.17. Found for C?JH2yClCI(. 
C, 63.01; H, (i 68:  C1, 7.99) by srleniurn tliou~clc~ 
oxidation. 

TABLE I 
Thymo- Anti- A,,,, lyticu inflamm.2*a 

Additional 31.P; (dec.) [ a l D  BtOH ( m d  log e activity nctivit? 
Compoundb substituent C. CHCla 

I Cortisone Xc. 6B-Chloro- 178-170° 1-129' 237 4.16 0 . 2  0 . 2  
I1 Cortisone Ac. Ga-Chloro- 197' 4-176" 233 4 16 I . 3  1 

I11 Cortisone Ac. 6,3-Chloro-9a-fluoro 221 + 80" "31 4.18  1 . .i 1 

V Prednisone Ac. 63-Chloro- 221-222" +13"" 211 4.1; 0 :1 0. 3 
VI Prednisone IC. Gu-Chloro- 217-218" fl-14' 337 4.19 4 i 

VI1 Prednisone Xc. 6a-Chloro-Sa-fluoro 223-229" 4- 122' 233j 4.18 18 14 
VI11 Hydrocortisone Xc. 6a-Chloro 174-176"c + 97 238 4.08 3 11 

IX Hydrocortisone Ac. 63-Chloro-Sa-fluoro 194-195" + 44' 238 4.17 0 . 5  0 . 5 
X Hydrocortisone Ac. 6a-Chloro-Sa-ffuoro 134-1430d + 88" 234 4.11 5 11 

X I  Hydrocortisone Ac. 60-chloro-9a-fluoro- 156-157' + 90" "34 4 ,  17 100 51) 

XI1 Prednisolone 6a-Chloro 195-196' + 6l0(Diox.)  242 4.19 14 13 
XI11 Prednisolone .4c. 6a-Chloro-Sa-fluoro 15Ood<" + il" "38 4.19 27 4 I) 
XIV Prednisolone Ac. 6a-Chloro-Sa-fluoro- 294--290" + ;i3' 238 4.1; ,400 2ilil 

S I V Cortisone Ac. Ga-Chloro-Sa-fluoro 214' + 132" 231) 1. 16 1<7 

16a-hydroxy-16,li- 
acetonide 

16a-hydroxy-16,17- 
acetonide 

XV "S" Acetate 6a-Chloro 189-190" + 87" 237 4.18 
XVI AI-Dehydro "S" Ac. Ga-Chloro 231-233" + 41' 2-13 4.21  

Thymolytic activity in adrenalectomized rat, oral route, hydrocortisone acetate = 1. 
immature adrenalectomized rat, cotton pellet implant. 
for all compounds. C Double m.p. 105' and 173-176'. d Amorphous. e Contracts at 110'. 

~Iiti-infl3inmntor~ assag i l l  

* Correct elemental mlalgses were obtaineti Assays by R. I .  D. 

but also modifies biological activity toward sodium 
excretion. Thus 6a-chloroprednisone acetate (A2 
= 4) and Ga-chloroprednisolone (A2 = 13) ex- 
hibit a marked sodium excretion3 while 6a-chloro- 
Sa-fluoroprednisdone acetate (A = 40) is only a 
moderate sodium retainer in contrast to the enor- 
mous sodium retention of the C-6 unsubstituted 
compound. 

Ga - Chloro - 9a - fluoro - 16a - hydroxyhydro- 
cortisone 21-acetate 16,17-acetonide (XI) and the 
corresponding I-dehydro compound (XIV), with 
respective anti-inflammatory activities2 of 50 and 
200 X hydrocortisone exhibit sodium excretion. 

The 3-ethyl enol ether5 of Reichstein's "S" ace- 
(1) Paper CVII, J. Iriarte, C. Djerassi and H. J. Ringold, THIS 

(2) A = Anti-inflammatory activity, oral route, hydrocortisone 

(3) Salt assay in adrenalectomized rat  without sodium chloride load. 
(4) J. Fried, K. Florey, E. F. Sabo, J. E. Herz, A. R Restivo, A. 

( 5 )  P. L. Julian, E. W. Meyer, W. J. Karpel and W. Cole, i b i d . ,  73, 

JOURNAL, 81, in press (195g). 

acetate = 1. 

Burman, and F. M. Singer, THIS JOURNAL, 77, 4181 (1955). 

1982 (1951). 

Representative of the synthesis of I, 11, 111, 
IV, V, VI, VII, IX, X and XI11 is the preparation 
of XI and XIV. 9a-Fluoro-16a-hydroxyhydro- 
cortisone 16,17-acetonide 21-acetate'O was COII- 
verted to the 3-ethyl enol ether (m.p. 214-215', 
[ a ] D  - s o ,  Xmax 241 mb, log E 4.31. Found for 
C Z ~ H ~ ~ F O ~ :  C, 66.23; H, 7.73)  which reacted with 
N-chlorosuccinimide to give the Gp-chloro-A4-3- 
ketone (m.p. 185-186', [ a ] ~  +63", Xma, 238 I I I ~ ,  
log E 4.12. Found for CZ6HMC1F07: C, 60.5s; 
H, 6.67; C1, 6.62). Hydrogen chloride inversioll 

(6) (a) H. J. Ringold, G.  Rosenkranz and F. Sondheimer. J .  Or#.  
Chem.. 21, 239 (1956); (b) Ch. Meystre, H. Frey, W. Voser and .4. 
Wettstein, Helo. Chim. A d a .  39, 734 (1956); (c) S. A. Szpilfogel, 
T. A. P. Posthumus, M. S. De Winter and D. -4. Van Dorp, Rec. trae. 
chim., 75, 475 (1956); (d) K. Fiorey and A. R .  Restivo. J .  Org. Chem I 

22, 406 (1957). 
(7) A. Zaffaroni, H. J .  Ringold, G. Rosenkranz, F. Sondheimer. 

G. H. Thomas and C. Djerassi, THIS JOURNAL, 80, 1858. 
( 8 )  Cf. D. H. Peterson, Record of Chemical Progress, 17, 211 (195(i), 

for a review of related microbiological oxidations. 
(9) R .  Littell and S Betnstein. THIS JOURNAL, 78,  984 (1956). 
(10) J. Fried, A. Borman. W. B Ressler, P. Grabowich, E.  F. Sabo, 

ibid., 80, 2338 (1958). 
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afforded XI which was converted to  the 
dienone XIV by selenium dioxide oxidation. 
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RECEIVED SEPTEMBER 26, lgt% 

A MALONIC ACID DERIVATIVE AS AN 
INTERMEDIATE IN FATTY ACID 

SYNTHESIS 
Sir : 

Previous work1V2 shows that a system of two 
enzyme fractions catalyzes the synthesis of pal- 
mitate from acetyl CoA in presence of Mn++, 
ATP, TPNH and HC03-. No intermediates 
could be demonstrated a t  the level of purity to 
which these two enzyme fractions (R1, and R2g)2 
had been brought. After these fractions were fur- 
ther purified by ion exchange chromatography on 
cellulose, it became possible to carry out a step- 
wise synthesis. When Rl,, so purified (hereinafter 
designated as R I ~ ) ,  was incubated with acetyl CoA 
in presence of Mn++, ATP and HC03- and then 
the mixture boiled, a substance was formed which 
in presence of TPNH and the column-purified R2g 
fraction (hereinafter referred to as Rzgc) was quan- 
titatively converted to long-chain fatty acids (cf. 
Table I). In absence of any one of the four com- 
ponents or of Rlgc no intermediate was formed as 

TABLE I 

AND STEPWISE SYNTHESIS OF FATTY ACIDS 
REQUIREMENTS FOR FORMATION OF 1 HE IXTERMEDIATE 

Components 
added in 

addition to 

Components of after heat incorporation oxidation 
incubation mixture deprot. in mpmoles in mfimoles 

R2pa and TPNH Acetyl CoA T P N H  

R1,,,ATP,Mn++,HCOs-, 

RigD, Mn++,  HCOI-, Ac- 
AcCoA h'one 4 . 3  9 . 2  

CoA ATP 0 .0  0 . 0  

CoA Mn++ 0 . 0  0 .0  
Rt,,, Mn++, ATP, AcCoA HCO3- 0.0 0 .0  
RLgo, Mn++,  ATP, HC03- .kcCoA 0 . 0  0 . 0  

Rlgo, ATP, HCOs-, - 4 ~ -  

The complete system was composed of, in pmoles: ATP, 
1; MnC12, 0.5; KHCOs, 4; histidine buffer pH 6.5, 20; 
and 20 mpmoles of Ac-C'* CoA (63,000 cpm). Total volume 
was 0.4 ml.; 0.160 mg. of RI,, was added, and the mixture 
was incubated for 15 minutes a t  38'. Parallel tubes were 
prepared without one of these components. The reaction 
was stopped by heat denaturation. The clear filtrate was 
transferred to a cuvette which contained the missing com- 
ponent indicated above and 30 mpmoles of TPhTH. To 
this mixture 0.3 mg. of Rz,, was added, and the reaction was 
followed spectrophotometrically a t  340 mp. At the end of 
five minutes the reaction was stopped and palmitate isolated. 

(1) D. M. Gibson, E. B. Titchener and S. J. Wakil, THIS JOURNAL, 

(2) S. J. Wakil, E. B. Titchener and D. M. Gibson, Biochim. Biophys. 
80, 2908 (1958). 

Acfa ,  29, 225 (1958). 

measured by the extent of TPYH oxidation in the 
second reaction catalyzed by Rzgc. 

(1) i t  
moves with a different Rf (0.5) from acetyl CoA 
(0.72) in an ethanol-acetate chromatographic sys- 
tem; ( 2 )  i t  arises from acetyl CoAk and COZ in 
equal amount as shown by radioactivity measure- 
ments; (3) it can be converted quantitatively to 
long-chain fatty acids by Rzgc in presence of 
TPNH;  and (4) on hydrolysis and subsequent ex- 
traction an acid is isolated which contains the 
whole of the original radioactivity whether derived 
from C14-acetyl CoA or HC1403-. This acid is in- 
distinguishable from malonic acid when chromato- 
graphed in pentano1:formic; kerosene : acetic. Ma- 
lonic acid was isolated in presence of carrier and re- 
crystallized to  constant specific activity (m.p. 
135') ; then converted to  the p-nitrobenzyl ester 
which was also recrystallized to a constant specific 
activity (m.p. 85-86'). The radioactivity of the 
recrystallized malonic acid and its ester accounted 
for all the radioactivity of the intermediate. 

The above evidence suggests that the first step 
in fatty acid synthesis is the carboxylation of 
acetyl CoA to a malonyl derivative catalyzed by 
the biotin-containing Rlgc fraction2 in presence of 
ATP and Mnf+.  The subsequent successive con- 
densation and reductive steps are catalyzed by 
Rzgc in presence of TPh'H. Malonic acid as such 
is not the intermediate. 

Addendum.Since submission of this manu- 
script a paper by Brady3 has appeared which sug- 
gests that malonyl CoA can be converted to fatty 
acids in a crude pigeon liver system. 

The intermediate has these properties: 

(3) R. 0. Brady, Pror. Nul. Acad .  Sci., 44, 993 (1958). 
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RECEIVED OCTOBER 20, 1958 

THE STEREOCHEMISTRY OF 
AMARYLLIDACEAE ALKALOIDS DERIVED 
FROM 5,lOb-ETHANOPHENANTHRIDINE 

Sir: 
Only two stereochemical conformations (I1 and 

111) are possible for the alkaloids of the A m r y l -  
lidaceae derived from 5, lob-ethanophenanthridine 
(I). Structure I1 has been favored1 because several 
of these alkaloids possess pharmacological proper- 
ties similar to those of morphine.2 The alkaloids 
haemanthamine3 and haemanthidine,4 although 
possessing the 5,l Ob-ethanophenanthridine nucleus, 
have been found devoid of such activity. Since 
these latter alkaloids must possess the nucleus rep- 
resented by I11 to permit the formation of apohae- 
manthamine (IV, R = H) and apohaemanthi- 
dine (IV, R = OH), i t  would appear that phyto- 
chemical processes elaborate both stereochemical 
modifications. We have been able to demonstrate 
that all alkaloids known to possess the nucleus (I) 

(1) N. Sugimoto and H. Kugita, Pharm. Bull., 6, 378 (1957). 
(2) W. C. Wildman, THIS JOURNAL, 18, 4180 (1956). 
(3) H. M. Fales and W. C. Wildman, Chemisl~y & Indusfry,  561 

(4) S. Uyeo, H. M. Fales, R. J. Highet and W. C. Wildman, THIS 
(1958). 

JOURNAL, 80, 2590 (1958). 


