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a-methyl compounds and their decarboxylation prod- 
ucts to act as inhibitors of t’he products formed in the 
usual enzymatic decarboxylation reactions. 

To further explore the actions of a-methyl-a-amino 
acids and to continue our studies in the thyromiinetic 
area, we uiidertook the synthesis and biological study 
of a-niethyl-3,S-diiodo-~~-thyronine, a-niethyl-3,3’,5- 
triiodo-DL-thyronine, and a-methyl-DL-thyroxi~ie. In 
the light of current knowledge, we felt that these de- 
rivat,ives niight be longer acting than the naturally 
occurring thyroidal hormones because of altered or 
decreased metabolism. Of greater interest was the 
possibility that these a-methyl thyrominietic analogs 
iiiight act as thyroxine antagonists and be useful in 
hyperthyroidism. 

The search for substances which antagonize the ac- 
tion of the thyroid hormones has been long and un- 
(1) I\-. P. Burkard, I<. F. Geg, and 4. Pletscher, Life Sci . ,  3 ,  27 (1964); 

D. Horxitz and -1. Sjoerdsma, ibid. ,  3, 41 (1964); W. Lorenberg, J. Barchas, 
H. Keissbach, and S. Udenfriend, A r c h .  Biochem. Biophys. ,  103, 9 (1963) ; 
C. C. Porter,  J. A. Totaro, and C. A l ,  Leiby, J .  Pharmacol .  E x p t l .  Therap. ,  
134, 139 (1961); J. .1. Oates, L. Gillespie, 9. Udenfriend, and .i. Sjoerdsma, 
Sczence ,  131, 1890 (1960); H. Dengler and G. Reichel, A r c h .  Ezptl. Pathol. 
Pharmahal., 234,  275 (1958): and T .  L. Sourkes, A r c h .  Biochem. Biophus., 
51, 444 (1954). 
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successfu1.j Current therapy for hyperthyroidism pre- 
scribes the use of thiourea-like conipounds to inhibit 
thyroxine synthesis and/or destruction of thyroidal 
tissue by radioactive iodine or surgical excisio~i.~”~ 
The availability of a chemical agent which could in- 
hibit the peripheral action of the thyroid hormones 
and/or suppress the synthesis and release of these sub- 
stances from the thyroid gland would provide an at- 
tractive adjuvant to the present therapy for hyper- 
thyroidism. 

Chart I indicates the intermediates arid steps em- 
ployed in the synthesis of a-methylthyroxine (Ib) . 

p-Methoxyphenylacetoiie was converted to a-methyl- 
tyrosine (IIIa) cia the Strecker hydaritoiu synthe 
reported by P ~ t t s . ’ ~  This route proved more expedient 
than the one employed by Stein, Bronner, and Pfister’” 
which required S-acylation of a-aiethylphenylalaiiiiie 

( 5 )  (a) H. -1. Selenkow and S. P. Asper, Jr., Physiol .  Rev., 36, 426 (1955) : 
(b) 9. B. Barker, C l i n .  Pharmacal .  Therap. ,  1, 797 (1960); ( c )  E. C. Jorgen- 
sen, N. Zenker, and C. Greenberg, J .  Biol. Chem., 235, 1732 (1960); (d) 
E. C. Jorgensen, P. A.  Lehman, C. Greenberg, and S. Zenker, ibid., 237, 
3832 (1962). 

(6) AI. TT-. Hamolsky, Rhode I s l a n d  M e d .  J . ,  47, 336 (1961). 
(7) (a) K. T. Potts, J .  Chem. Sac., 1632 (1955); (b) G. A. Stein, H. A.  

Bronner, and I<. Pfister, 111, J .  Am. Chem. Sac.,  77, 700 (1955). 
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isolated and purified as described above t o  give an additional 8.7 
g. of product, m.p. 167-168' dec., total yield 6170. 

Anal. Calcd. for C12H1512N03: C, 30.34; H, 3.18; I, 53.43. 
Found: C, 30.13; H, 3.08: I ,  53.26. 

N,O-Diacetyl-4-hydroxy-3,5-diiodo-cu-methy~pheny~a~anine 
Ethyl Ester (VIa).-A suspension of 4.8 g. (0.01 mole) of V in 
25 nil. of pyridine was stirred a t  room temperature while 5 ml. 
of acetic anhydride was added slowly. The resulting clear solu- 
tion way stirred an additional 3 hr. and left overnight a t  room 
temperature. The solution was poured into several volumes of 
ice-water, and this mixt,ure was stirred several hours. The 
formed crystals were filtered, washed with water, and dried; 
ni.p. 140'. After recrystallization from aqueous ethanol the 
crystals weighed 4.5 g. (STC;), m.p. 143-145". 

dnal.  Calcd. for C16H1&SOj: C, 34.37; H, 3.43; I ,  45.40. 
Found: C, 34.83; H, 3.42; I, 45.30. 

N,O-Dibenzoyl-4-hydroxy-3,5-diiodo-~-methylphenylalanine 
Ethyl Ester (VIc).-To a st,irred mixture of 10.8 g. (0.023 mole) 
of V, 8 g. of NaHCO3, 100 ml. of 5cc aqueous SaHCO3, and 350 
nil. of tetrahydrofuran a t  0-5' was added 10 ml. of benzoyl 
chloride. The mixture was stirred 15 min. with cooling and 2 hr. 
a t  roam temperature, diluted with 3 vol. of ice-water, and ex- 
tracted with CHCls. The CHC13 solution was JTashed twice 
with 5cc NaHCO3 and tn-ice with water, dried (?;a2S01), and 
evaporated. Tiie solid residue was suspended in ether and 
filtered t3  give 13.7 g. of crude product, m.p. 180". After one 
recrystallization from aqiieous ethanol, it weighed 13.1 g. ( 9 8 5 )  
and melted a t  184-188". For sample was recry,:tallized 
twice from acetonitrile; m.p. 

A n a l .  Calcd. for C?6H2:12SOj: C, 45.70; H,  3.39; I! 37.15. 
Found: C, 45.85; H, 3.20; I ,  37.21. 

N-Trifluoroacetyl-4-hydroxy-3,5-diiodo-a-me thylphenylala- 
nine Ethyl Ester (VIb).-In a sepsratory funnel was placed 
a suspension of 8.3 g. (0.02 mole) of V in 80 ml. of ethyl acetate 
and 80 nil. of CHC13. To this was added in four portions, 8 
nil. nf trifluoroacetic anhydride in 50 ml. of ethyl acetate. The 
fininel xas shaken thoroughly with caution after each addi- 
tion. At the time of the last addition the solid was complet'ely 
dissolved. The solation was xashed with water, aqueous 
SaHC03 ,  and again with water and dried (Sa2S04). The sol- 
vents were removed, and the residue was crystallized and re- 
crystallized from methanol-water; yield 9.1 g. (goyc ), m.p. 

ilnal. Calcd. for CuHI,F3I2SO4.0.5H?O: C, 28.98; H, 2.61; 
I ,  43.76. Found: C, 29.37; H,  2.99; I, 43.49. 

N-Acetyl-4-hydroxy-3,5-diiodo-~u-methylphenylalanine (VII). 
-Material from t,he two different preparations of VIa (6.2 g., 
0.01 mole) was dissolved in 65 ml. of ethanol, 10 nil. of 40% 
S a O H  was added, and the solution was stirred 1.5 hr. a t  room 
temperature. Af t'er diluting with water, cooling, and acidifying 
with dilute HCI, the solid was filtered, washed with water, and 
dried to  yield 5.4 g. of VII, n1.p. 208" dec. Re 
aqueous ethanol, the crystals weighed 4.5 g. ( 8  
a t  211-213" dec. 

And.  Calcd. for C12HJ?S04: C, 29.47; H, 2.68; I ,  51.90. 
Found: C, 29.65; H, 2.46; I, 51.70. 

N-Acetyl-4-hydroxy-3,5-diiodo-a-methylpheny~a~anine Ethyl 
Ester (VId).-A mixture of 4.5 g. (9  mnioles) of VII, 10 ml. of 
dry ethanol, 0.1 g. of p-toluenesulfonic acid monohydrate, and 
100 nil. of CHC13 was st,irred under reflux overnight x i th  azeo- 
tropic distillation of water. An additional 5 ml. of ethanol was 
added after heating for 3 hr. and again after 4 hr. The clear, 
pale yellow solution was cooled and extracted several times with 5cc ?;a2COa and three times with water. The combined aqueous 
extracts were acidified to  pH 1-2 with 3 S HC1. The mixture 
of giim and solid was cooled, scratched, filtered, washed with 
water, and dried to  give 3.9 g. (85C;) of TTd, m.p. 140' with 
preliminary softening and sintering. Recrystallized from 
ethanol-water, it had m.p. 141-143". 

Anal. Calcd. for C14Hl;I,?;0,: C, 32.52; H, 3.32; I, 49.0s. 
Foiind: C, 32.32: H, 3.26; I, 48 53.  

N-Tri fluoroacetyl-3- [ 3,5-diiodo-4-( 4-methoxyphenoxy)phenyl] - 
2-methylalanine Ethyl Ester (VIIIb).-A mixture of 12.6 g. 
(0.03 mole) of di(p-anisy1)iodoniuni bromide,I4 8.7 g. (0.015 
mole) of VIb, 2 g. of copper powder, and 2 ml. of triethyl- 
amine in 200 nil. of niet,hanol n-as stirred 24 hr. a t  room tenipera- 
ture. The solution was filtered, and the filtrate was evaporated. 
The residue vas  dissolved in benzene, and the benzene solution 

94-96". 

(14) .J. T. Plati, U. S. Patent 2,839,583 [June l i  ,1958). 

was washed twice, successively, with dilute HC1, water, jC; 
NaHC03, and water. The dried (Na2SOd) benzene solution was 
evaporated, and the residue was triturated with petroleum ether 
(b.p. 40-60") to precipitate an  oil. The solvent was decanted, 
and the oil was dissolved in methanol. This solution was 
diluted wit,h water unt,il the oil began to separate, then was 
heated to give a clear solution. Cooling and scratching produced 
crystals. Evaporation of the decanted petroleum ether and 
treatment of this residue with methanol and water as described 
gave more solid. The combined solids, after a recrystallization 
from aqueous methanol, weighed 7.1 g. and melted a t  105-115' 
with sintering. A second crop weighed 1.1 g.;  total yield 8.2 g. 
(81% j .  Further recrystallization from aqueous methanol pro- 
duced an analytical sample melting at 12t5-1260. 

.4nal. Calcd. for C21H20F312S0j: C, 37.24; H, 2.98; I ,  
37.48. Found: C, 37.29; H,  2.95; I, 37.68. 

N-Acetyl-3- [3,5-diiodo-4( 4-methoxphenoxy)phenyl] -2-methyl- 
alanine Ethyl Ester (VIIIa).-A mixture of 3.7 g. (7.2 
nimoles) of VId, 6 g. (0.0143 mole ) of di(p-anisy1)iodoniuin 
bromide,14 1 g. of copper powder, and 1 ml. of triethylamine in 
100 ml. of methanol was stirred for 24 hr. The solution RBS 

filtered, and the filtrate was evaporated to give 9 g. of a brown 
oil. The oil was t,riturated with petroleum ether, and the qolid 
formed was filtered. Concentration of the filtrate gave a second 
crop of solid. The combined holids were recrystallized from 
aqueous ethanol (llarco) and twice from aqueous methanol. 
The product melted from 60-100". After drying in a steam 
chest, the first-crop material melted at 119-121' and weighed 1.9 
g. The recrystallization filtrates m-ere concentrated and cooled 
to  give an additional 1.5 g. of aolid; total yield 3.4 g. (76';). 
hfter drying at 40" in vacuo over PgOa, the first-crop material 
melted at  128-130". 

Anal. Calcd. for C Z ~ H Z ~ I ~ S O ~ :  C, 40.47; H, 3.72; I, 40.73. 
Found: C, 40.88; H,  3.84; I, 40.47. 

3- [4-( 4-Hydroxyphenoxy)-3,5-diiodophenyl] -2-me thylalanine 
(3,5-Diiodo-cu-methyIthyronine) (IX).-A solution of 3.4 g. 
(5.5 mnioles) of crude VIIIa in 35 nil. of H I  and 40 nil. of acetic 
acid was refluxed for 4 hr. The solution was cooled, diluted with 
ice-water, and neut,ralized to pH 4-5 with 10% TaOH. The 
precipitate was cooled, filtered, washed with water, and purified 
by precipitation from a hot ethanolic solution containing a few 
drops of concentrated HCI by the addition of hot 2 A\- sodium 
acetate to pH 4-6; yield 1.3 g. (43%), m.p. 282" dec. 

In  a similar fashion 8.2 g. (0.01 mole) of YIIIb was converted 
to 3.8 g. (59yc) of IX,  m.p. 286" dec., after drying in ZJUCUO a t  
100". 

dnal .  Calcd. for ClsHlJ,SO4.0.5H20: C, 35.06; H, 2.94; I, 
46.31. Found: C, 35.27; H, 3.11; I, 45.92. 

3- [4-( 4-Hydroxy-3-iodophenoxy)-3,5-diiodophenyl] -2-methyl- 
alanine (3,3',5-Triiodo-a-methylthyronine) (Ia).-A solution of 
0.6 g. ( 2 . 3 5  mmoles) of iodine in 10 nil. of 105 ,  K I  was added 
slowly to  a st,irred solution of 1.3 g. (2.4 nimoles) of I X  in 15 nil. 
of 33% aqueous ethylamine. The solution was stirred 1.5 hr., 
then 25 ml. of saturated KaC1 was added along with 1 g. of solid 
NaC1. The mixture was stirred 1 hr., and the solids were allowed 
to settle overnight.15 The solids were filtered and the filtrate 
was acidified with 3 S HC1 to give additional solid. The com- 
bined solids were piirified by two isoelectric precipitations to 
give 1 g. (63% ) of solid, m.p. 252-254" dec. Two further purifi- 
cations, the fiwt by precipitation from ethanol--l0:; S a O H  \+-ith 
acetic acid and the second from ethanol-HC1 as described above 
gave material melting at 264-266" dec. Examination of this 
material by paper chromatography shop-ed it t o  be a mixture 
containing a trace of I X  and 10-15s of the thyroxine analog. 
The Ri valiies in an isoamyl alcohol-t-amyl alcohol-6 ammonia 

tem ( 1  : 1 :2 )  after spraying with ninhydrin and Emerson's re- 
ageiit9,10 were 0.26 for the tetraiodo componeiit, 0.35 for the tri- 
iodo component, and 0.47 for the diiodo component. 

3- id-( 4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl] -2- 
methylalanine (a-Methylthyroxine) (Ib).-To a solution of 1.2 
g. ( 2  nimoles) of I X  in 25 ml. of 3 3 5  aqueous ethylamine was 
added slowly with stirring over 1 hr., 1.1 g. (4.2 nimoles) of iodine 
in 25 ml. of 10% aqueous KI.  After the addition, the solution 
was cooled and stirred, with cooling, for 2 hr. It was poured 
into ice--water and acidified to p H  1-2 with concentrated HCI. 
The solid was filtered after the addition of a little SaHS03,  
waahed with water, and purified by two isoelectric precipitations 
from acidic ethaiiol. This yielded 950 mg. (60';) of product, 

(1.5) Method of H. Nahm and IV.  Sieiiel, Chem. Ber. ,  96,  1 (1963). 
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chain relative to the diphenyl ether bond has been ex- 
amined recently by Jorgensen and Reid20a and Shiba, 
Hofer, and Cahnniann.20" Jorgensen and Reid found 
that' compounds in which t'he side chain of T3 was 
placed ortho or mefa to t'he diphenyl et'her bond were 
inactive in the prevention of thiouracil-induced goiters. 

The reduction in thyromimetic activities caused by 
the introduction of an a-methyl group into the side 
chain of T4 is further evidence for the importance of the 
uiiniodified alanine moiet'y for maximum biological re- 
sponse. The reduction in activity seen with It) may be 
a consequence of impaired binding to transport pro- 
teins or t)o sites of biological action which in turn niay 
lead to more rapid metabolism (degradation) and/or 
excretion. ,Inother less attractive possibilit'y, since 
currently there are few data to substarit'iate such an 

( 2 0 )  (a) E. C.  Jorgensen and J I\-. Reid, J .  M e d .  Chem., 7 ,  701 (1964); 
(11)  T. Shiba, A. Hofer, and H. J .  Cahnmann, J .  Org .  Chem., 29, 3171 (1964). 

event,21 is that a-methyl-?', is incapable of beiiig coil- 
verted to an "active form" of the hormone. 

Nonetheless, whatever the specific reason(s), it seeiiis 
apparent from this and previous studies that the posi- 
tion and nature of the side chain in thyroxine-like sub- 
stances help to determine the character and potency of 
the biological response evoked.22 

Acknowledgment.-We wish to thank Dr. W. L. 
Holmes and A h .  S. W. Di Tullio for the cholesterol 
st'udies and members of the Analytical and Physical 
Chemistry Section, Smith Kline and French Labora- 
tories, for elemental analyses and paper chromatog- 
raphy studies. 

(21) E. C. Kolff and J. IYolff in "The Thyroid Gland," 1'01. I ,  R .  Pitt- 
Rivers and W. R. Trotter, Ed.,  Butterworth and Co. Ltd, ,  London, 1964, p. 
239. 

(22) After this manuscript had been prepared i t  was noted that compounds 
Ia,  Ib,  and I S  had been disclosed in the Eire Patent 362:65 (May 5 ,  1965). 

Fusidic Acid Derivatives. I. Relationship betw-een Structure and 
An tibacterial -4ctivity 
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A series of derivatives of the antibiotic iiiaidic acid has been prepared and their antibacterial activities have 
been determined. The relationship between structure and antibacterial activity of this group of compomnds is 
discu-red. 

It has recently been s h o ~ v n - ~  that fusidic ttcid ( la) ,  
:in antibiotic formed by Fuszdzum cocczneui?~,~ ha5 the 
.tructure and htereocheniistry depicted below. One of 
the most remarkable features of this structure 15 the 
unuhual itereochemistry of the cyclopentaiioperhydro- 
phenanthrene ring system which differs fundamentally 
from that of other tetracyclic triterpenes arid sterols. 
In contrast to the uiual trans,anfi,trans arrangement of 
rings -4, B, arid C, we find in fusidic acid a t m ~ ~ , s y n , -  
trans arrangenieiit of these rings which forces ring B 
into the boat coriforniation as illustrated in the per- 
ypective formula. 

The elucidation of thiz unusual structure s i  iniulated 
our inherent interest in studying the influence of struc- 
tural modification5 011 the antibacterial activity of this 
antibiotic which ha. found a well-established use in the 
treatment of ftaphylococcal infections 111 iiian.zjG In 
this paper the effect of a riuinber of variatioriq concern- 
ing both the two carbon-carbon double bonds arid the 
fuiictional groups at C-3, C-11, (3-16, arid C-21 on the 

,1)  (a) I T  0. Godtfredsen and 8. Vangedal, Tetiahedron, 18, 1029 (1962); 
m,l>j D. Ariponi. W. yon Daehne, V. 0. Godtfredsen, A .  JIarquet,  and .1. 
Ilelera,  E.zpe,ientia, 19, 521 (1963); (c) D. Arigoni, W. r o n  Daehne, IT, 0. 
Godtfredsen, A .  Llelera, and  S. Vanpedal, i b i d . ,  20 ,  344 (1964); (d) W. 0. 
Godtfredsen. K. r o n  Daehne, S. Tanpedal, A. hlarquet,  D. Arigoni, and .%. 
Melera, Tetrahedron, in press. 

(2)  .1. Cooper, ib id . ,  in press. 
13) R .  Bucourt, AI .  Legrand, h l .  Vignau, J. Tessier, and V. Delaroff, 

Compt.  rend., 267, 2679 (1963). 
(4) W. 0. Godtfredsen. S. Jahnsen, H. Lorck, Ii. Roholt, and L. Tybring, 

S a t w e ,  193, 987 (1962). 
15) 11. Barber and L. P. Garrod, "hntibiotic and Chemotherapy," E. and 

R.  Livingstone Ltd. ,  Edinburgh, 1963, pp. 85-87, 
16) G. T. Stewart, Pharmacotherapia, 2, 136 (1964). 

inhibitory activity against a iiuiiiber of bacteria will be 
discuqsed. Some of the conipounds studied have pre- 
viously been described in connection with the btruc- 
tural work. whereas other. are new. 

U L C O O H  

HO 8 la OCOCHa 

Chemistry.-The t ~o carbon-carbon double bonds in 
fusidic acid (la) can be hydrogenated stepwise."S4 
Hydrogenation over a palladium catalyst yields 24,25- 
dihydrofusidic acid (2a) while reduction of the latter 
over a platinum catalyst in acetic acid (Chart I) affords 
a tetrahydrofusidic acid (3a) in which the side chain is 
a-orientated. A tetrahydrofusidic acid with a p- 
orientated side chain has riot been obtained so far. 

When a solution of fusidic acid ( la)  in ethanol or 
dioxane was irradiated with ultraviolet light from a 
medium-pressure mercury lamp (Hanovia, Type 509), 


