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chain relative to the diphenyl ether bond has been ex-
amined recently by Jorgensen and Reid*® and Shiba,
Hofer, and Cahnmann.*® Jorgensen and Reid found
that compounds in which the side chain of T; was
placed ortho or meta to the diphenyl ether bond were
mactive in the prevention of thiouracil-induced gotiters.

The reduction in thyromimetic activities caused by
the introduction of an a-methy! group into the side
chain of T, is further evidence for the importance of the
unmodified alanine moiety for maximum biological re-
sponse. The reduction in activity seen with Ib may be
a consequence of impaired binding to transport pro-
teins or to sites of bilological action which in turn may
lead to more rapid metabolism (degradation) and/or
excretion. Another less attractive possibility, since
currently there are few data to substantiate such an

(20) «a) E.C. Jorgensen and J. A, W. Reid, J. Med. Chem., T, 701 (1964);
‘L) T. Shiba, A. Héfer, and H, J. Cahnmann, J. Org, Chem., 29, 3171 (1964).
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event,?! is that a-methyl-T, is incapable of being con-
verted to an “active form’’ of the hormone.

Nonetheless, whatever the specific reason(s), it seems
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.??
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studies 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. Wolff and J. Wolff in “*The Thyroid Gland," Vol. I. R. Pitt-
Rivers and W. R. Trotter, Ed., Butterworth and Co. Ltd., London, 1864, p.
239.

(22) After this manuscript had been prepared it was noted that compounds
Ia, Ib, and IX had been disclosed in the Eire Patent 362,65 (May 5, 1965).
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A xseries of derivatives of the antibiotie fusidic acid has been prepared and their antibacterial activities have
been determined. The relationship between structure and antibacterial activity of this group of compotnds is

disenssed.

It has recently been shown!—% that fusidic acid (1a),
an antibiotic formed by Fusidium coccinewm,* has the
structure and stereochemistry depicted below. One of
the most remarkable features of this structure is the
unusual stereochemistry of the cyclopentanoperhydro-
phenanthrene ring system which differs fundamentally
fron1 that of other tetracyclic triterpenes and sterols.
Tu contrast to the usual trans,anti trans arrangement of
rings A, B, and C, we find in fusidic acid a trans,syn,-
trans arrangement of these rings which forces ring B
mto the boat conformation as illustrated in the per-
speetive formula.

The elucidation of this unusual structure stimulated
our inherent interest in studying the influence of struc-
tural modifications on the antibacterial activity of this
antibiotic which has found a well-established use in the
treatment of staphylococeal infections in man.>® In
this paper the effect of a number of variations concern-
ing both the two carbon—carbon double bonds and the
functional groups at C-3, C-11, C-16, and C-21 on the

i1) (a) W. O. Godtfredsen and S. Vangedal, Tetrahedron, 18, 1029 (1962):
b) D. Arigoni, W, von Daehne, W. O. Godtfredsen, A. Marquet, and A.
Melera, Experieniia, 19, 521 (1963): (c) D. Arigoni, W, von Daehne, W. O.
Godtfredsen, A, Melera, and S. Vangedal, ibid., 20, 344 (1964); (d) W. O.
Godtfredsen, W. von Daehne, 8. Vangedal, A, Marquet, D. Arigoni, and A.
Melera, Tetrahedron, in press.

(2) A. Cooper, ibid., in press.

(3) R. Bucourt, M. Legrand, M. Vignau, J. Tessier, and V. Delaroff,
Compt. rend., 257, 2679 (1963).

(4) W. O. Godtfredsen, 8. Jahnsen, H. Lorck, K, Roholt, and L, Tybring,
Nature, 198, 987 (1962).

+5) M. Barber and L. P. Garrod, '“Antibiotic and Chemotherapy,” E. and
8. Livingstone Ltd., Edinburgh, 1963, pp. 85-87.

i6) G. T. Stewart, Pharmacotherapia, 3, 136 (1964).

inhibitory activity against a number of bacteria will be
discussed. Some of the compounds studied have pre-
viously been described in connection with the strue-
tural work, whereas others are new.

OH H
1O OCOCH;,

la

Chemistry.—The two carbon—carbou double bonds in
fusidic acid (1la) can be hydrogenated stepwise.®
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 §-
orientated side chain has not been obtained so far.

When a solution of fusidic acid (la) in ethanol or
dioxane was irradiated with ultraviolet hght from a
medium-pressure merceury lamp (Hanovia, Type 509),
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the compound was partly converted into a more polar
compound, as revealed by paper or thin layer chro-
matography. The new compound, which in the fol-
lowing is called lumifusidic acid, could be separated
from unreacted fusidic acid ou chromatography and
crystatlized, although with difficulty, from methanol-
water in a solvated form. A solvent-free methy] ester
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was obtained on treatment of lumifusidic acid with
cthereal dinzomethane. The elementary analysi= of
this compound indicates that lumifusidic ncid and fu-
sidic actd are isomerie,

On hvdrogenation over a palladium catalyst hami-
fuxidic acid consumes 1 mole of hydrogen with forma-
tion of a dihydrolumifusidic acid which also could he
obtamed on nradiation of 2a.  The nfrared and nan.r.
zpectra of the corresponding methyl ester (obtained on
esterification with diazomethane) are very similar to
thosc of 2b, whereas the ultraviolet spectra of the two
compounds (Figure 1) are different.  Therefore, it was
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Figure 1.—Ultraviolet absorption speetra of 24,25-dihydro-
fusidic acid methyl ester (2b) and 24,25-dihydrolimifusidie acid
methyl ester (6b).

originally thought that a migration of the A7 double
bond had takenu place during the irradiation, but the
fact that dihydrolumifusidic acid methyl ester on
ozounolysts gave the same two compounds (4 and 5) as
were obtiined by a similar treatment of 2a indicates
that the two compounds are cis—frans isomers, and there-
fore, dihydrolumifusidic acid has the structure shown
i1 6a, whereas lumifusidic acid is the corresponding A%
unsaturated compound 7a.

The conversion of fusidic acid to lumifusidie acid ix
not quantitative.  An equilibrium mixture of humi-
fusidic acid and fusidic acid, in which lumifusidic acid
i~ predominant. is obtained. and when u solution of
pure lumifusidic acid ix imadiated. the same mixture
result=, The sttuation 15, however, complicated by the
fact that, i addition to lumifusidic acid, other products
are formed during the reaction.  The structures of these
have not been determined.

The trans arrangement of the carboxy! group and the
lti-acetoxyl group in 6a is reflected in the fact that the
16-hydroxy derivative 6n, obtained on alkaline hy-
drolysis of 6a docs not lactoumize on treatment with
acids, in contrast to 16-deacetylfusidic acid (In) which
lactonizes with great ease.'™

On hydrogenation over platinum m acetic acid di-
hydrolumifusidic acid (6a) took up 1 mole of hydrogen
with formation of a tetrahydrofusidic acid different
from 3a. The assigimment of structure 8a to this com-
pound is due to the fact that the corresponding 16-
deacctylated compound 8n’ does not lactonize on
treatment with acid ax expected (¢f. vef. 1d) i the caxc
of a g-orientated side chaiu, The side chain is there-
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fore o orientated as in 3a. The configuration at C-20
follows from the usual ¢is addition of hydrogen.

Both of the hydroxyl groups in fusidic acid are « and
axial. The 3-hydroxyl group can be readily acylated
under mild conditions (1e, 2¢, 3¢, etc.), whereas the 11-
hydroxyl group 1s sterically hindered and resists acyla-
tion under normal conditions (acid anhydride—pyridine).
In the tetrahydrofusidic acid series, 3,11-diacetylated
compounds (such as 3d) could be obtained on acetyla-
tion with a mixture of toluenesulfonic acid, acetic an-
hydride, and acetic aeid, but 3,11-diacetates of fusidic
actd and 24,25-dihydrofusidic acid could not be ob-
tained by this method, because these more drastic
acetylation conditions caused undesirable reactions in
other parts of the molecule.

The 3,11-diketo derivatives le, 2e, and 3e were ob-
tained on oxidation of the corresponding diols with
chromium(VI) oxide in acetornte or acetic acid. Whereas
sodium borohydride reduction of 11-keto derivatives
yvields 11a-hydroxy derivatives as the main products,?
a corrvesponding reduction of the 3-keto group yields 33-
hydroxy compounds almost exclusively.!* Thus, so-
dium borohydride reduction of the 3-mono- and 3,11-
diketo derivatives le, 1j, 2e, and 2j gave the 3-epi
derivatives 1f and 2f. The 3-keto group in 3,11-diketo
derivatives can, however, be selectively reduced to a
3a-hydroxyl group on catalytic reduction over plati-
num oxide in acetic acid containing a trace of hydrogen

(7) Since epimerization at C-16 has been observed on alkaline liydrolysis
of the 16-acetoxyl group in fusidic acid and some of its derivatives,!* it was
considered mandatory to check that the hydrolysis in this case proceeded
with retention of the configuration at C-16. This was demonstrated by the
fact that acetylation of 8n afforded the same diacetate (8¢) as was obtained
on acetylation of 8a.

(8) Sodium borohydride reduction of 2i gave, in addition to tlie corre-
sponding 1le-hydroxy compoand, a small amount (less than 59) of the
118 compound whichi on acid-catalyzed cleavage of the ketal group af-
forded 2k. In contrast to 2j, this compound is readily acetylated at C-11,19

H,-Pt
—_—

chloride.

In this way the 11-monoketone 2h was ob-
tained. The structure of this compound follows from
the fact that sodium borohydride reduction yvields 24,25-
dihydrofusidic acid (2a).

The 11-keto group is relatively unreactive, and it
is, for example, possible to prepare 3-monoketals (2i

and 3i) from 3,11-diketo derivatives.'=d This selec-
tivity was utilized in the preparation of the 3-mono-
ketones 2j and 3j which were obtained on sodium boro-
hydride reduction of the 3-monoketals 2i and 3i fol-
lowed by acid-catalyzed cleavage of the ketal group.

The 3-mono- and 3,11-diketo derivatives of fusidie
acid (le, j) are formed in small amounts by the fusidic
acid producing strain of Fusidium coccineum and have
been isolated by chromatography of the mother liquor
from the crystallization of fusidic acid.®

The 16-acetoxyl group tu fusidic acid and 24,25-di-
hydrofusidic acid can be hydrolyzed with or without
inversion. When the hydrolysis is performed in dilute
solution with a weak base, such as sodium bicarbonate,
the 16a-hydroxy compounds 1m and 2m are the main
products, whereas hydrolysis with strong base in con-
centrated solution leads to the 163-hydroxy compounds
In and 2n.'* The latter show a strong tendency to
lactonize, and attempts to acylate them at C-16, even
under mild conditions, led to the formation of the lac-
tones 9b and 10b, respectively (Chart II). The 16a-
hydroxy compounds 1n and 2n can lactonize (e.g., on
heating with acetic actd), but their tendency to do so is

(9) W. 0. Godtfredsen, unpublished observations.
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Hsevadi-
Corynebacterium Sarcine Bacdlus Salmoncella Fscherichiu monas
Terosis luteq subtilis e e SSEA POV S LU e e typhosa - Klebsiella paeumonia--- coli werigiiosa
Compd. NCTGC 9755 DA 1001 ATCC 6633 1 11 11 v NCOTC 5760 ATCC 4208 ATCC 7380 LeolTA2  ATCG 7700 Ref.
Cephalosporin P, 0.068 1.2 16 0.19 2.3 >100 >100 >100 >100 85 >100 >100 ¢
Helvolie acid 0.048 1.1 20 1.5 15 93 >100 >100 >100 12 >100 >100 d
Tusidie acid (1) 0.008 0.23 0.4 0.058 0.85 49 190 350 420 H.h 440 > 1000 la,4
1b 50 71 >800 250 > 1000 > 1000 >1000 >300 >300 >300 > 1000 >300 1,4
le 2.2 2.8 35 25 160 200 220 > 1000 > 1000 > 1000 > 1000 > 1000 I
le 0.25 1.3 34 4.0 (€51 1100 > 1000 >1000 >1000 > 1000 > 1000 > 1000
01f .35 0.89 22 6.5 71 100 > 1000 >1000 > 1000 790 > 1000 > 1000
11 0.022 0. 40 10 0.52 5.0 160 560 >1000 > 1000 7l > 1000 > 1000 ]
Im 0.5 0.71 7h 5 180 450 4370 > 1000 > 1000 > 1000 > 1000 > 1000 Ia
1n 1.4 1.8 25 20 S H6 50 >1000 > 1000 > 1000 > 1000 > 1000 Ia
Ip 200 250 >300 > 1000 > 1000 > 1000 >1000 >300 >300 >300 >1000 >300
1q >300 >300 >1000 > 1000 > 1000 > 1000 > 1000 >8300 >300 >300 > 1000 >300
2a 0.009 0.20 0.50 0.071 0.71 18 110 400 500 5.0 790 790 1a,4
2h 40 100 350 100 500 >300 >300 >300 >300 >300 > 1000 >300 la
2¢ 1.8 5.6 18 22 89 130 160 >1000 >1000 >1000 >1000 >1000 1a
2e 0.36 1.3 25 5.4 50 560 >1000 >1000 >1000 > 1000 >1000 >1000 la
2f 0.50 1.35H 16 5.0 45 25 350 >1000 > 1000 >1000 >1000 > 1000 l1a
2g 1.4 4. 1.4 13 50 16 71 >1000 >1000 100 >1000 > 1000 ta
2h 0.032 050 3.0 .22 5.0 56 320 >300 >300 100 >300 >300
21 32 79 100 140 350 350 400 >1000 >1000 500 >1000 > 1000 1d
2j 0.050 0.63 7.1 0.56 a.a 100 250 >1000 > 1000 130 >1000 > 1000 1d
2k¢ 0.52 4.5 25 2.8 H >300 >500 >300 >300 >300 >300 >300 1d
21 5.0 74 >100 63 >100 >100 > 100 >100 >100 >100 >100 > 100 ted
2m 1.1 1.6 50 14 160 200 340 >1000 > 1000 >1000 > 1000 > 1001 td
2u 4.0 2.5 133 16 35 25 32 >1000 > 1000 > 1000 > 1000 > 1000
20 40 40 >100 > 100 > 100 >100 > 100 >100 > 100 > 100 >100 > 100 1d
B 50 110 50 79 140 130 140 >1000 >1000 >1000 >1000 > 1000 a4
3¢ 2.0 20 25 16 hH 5H0 50 >300 >300 >300 >300 >300
3d 15 40 16 25 35 3D 35 > 1000 > 1000 > 1000 > 1000 > 1000 1
3e 400 500 500 500 790 630 630 >1000 > 1000 >1000 >1000 >1000 1a
K 79 140 71 140 160 160 160 >300 >300 >300 >300 >300 In
3] 140 220 140 160 250 160 220 >300 >300 >300 >300 >300 1a
3n 320 500 A00 500 500 500 500 > 1000 > 1000 > 1000 > 1000 > 1000 1a
Ga 160 160 160 250 350 280 280 >1000 > 1000 > 1000 >1000 > 1000
61 220 500 500 450 500 500 H00 >1000 >1000 > 1000 > 1000 > 1000
Ta 18 180 160 71 450 450 450 >1000 >1000 >1000 >1000 > 1000
Sa 5.6 3.2 7.0 16 16 16 16 >1000 > 1000 >1000 >1000 > 1000)
9 4.0 5.9 H.4 24 33 38 G4 >300 >300 >300 >300 >300 12
9h >300 >300 500 > 1000 > 1000 >1000 >1000 >300 >300 >300 > 1000 >300
10a 1.5 8.5 140 40 H6 h6 63 >800 >300 >300 >300 >300 1a
10b 200 200 > 1000 >1000 > 1000 > 1000 > 1000 >300 >300 >300 > 1000 >300 1
10¢ 100 160 > 1000 > 1000 > 1000 > 1000 > 1000 >300 > 300 > 300 >300 =>300) la

10d 30 100 >300) 30 >300) >30(0) >30(1 > 300 >300) >5001 =300 O 1a

81

TYAADNY A 'R ANV ‘DNIHELT, "] ‘ANHAV(] NOA "A\ ‘NASATUILAOL) () "M\

6100



19
I

VES.

VATI

DgR1

ACID

“USIDIC ACT
Fu

1966

ry

Janua

1 es, such
tvativi ) n-
rivat cid a
de ith a
‘loxy wit
Ba-acy lation is that
and 1 on acy W 10 is or0-
Cedy ined s 9al um b o
oun bta nes diu idi
pron dily o he lacto ith sOd in fus o1
: less a ine. . Wit -
far le are re ridine erty of tdU_Clble ble bontel‘iﬁed nd
s 20, n py rop is re ) dou v oes 11a a
~ a rides able p bond AV e 0 nes 1 dro-
e hyd ark ble the a fre lacto dihy i
25 RN %Hohm% 1w“°dtmdmrw
T2 i3 S the AY in contr Contiwo tet?uctioﬂ re read 16a ou
T==Z P ide tives he two re ly, a an
S = g% S hydr iva T tie ively, 12a
= = = Z 3= Y der p. taly ect ion of ives
23 = g id rou ca 'esp on vati
;. T 23 Ss ,éoﬁ 2 acrboxy1 %ned 01(11 143?}11 formati d its der 1\1.3 (1b,
b - D = = = ca bta 1 the . n sters . -
SRS : o a " a es ‘fica
" S % % § 3%\ 3/1 AN %.% 2 1537 nes loé 20 w 1t}}d idic acl? methyln esterifl of
o X 232 - C- o 11 ester
fisss 337 53 e e T i btained hyl it
RN ARR = ;= r w 0 a sel e dra
s g >R A - = me nt lgI‘ t v o m
¥ A S -3 e bu dily he ' hy the
558 A = = reatm g e, ea The !
e %%%§§:?§: “?m%ﬁ%%%;W“%mwhwm%&w“%h
v T8y ~ % % . N
- i~ = ARNIN = z ery d7 lazome wit be re Lacet} -
2888 =R A RS is not v hereal dio eact uld O 21-ty
I =R AR Sa 5 18 6b, rea not tco ride. 16,
EEEEE A 212 20, 3b, b, o doce not » bu Y ato s 8, 1
s ~ 03 vt 1b 1t10 num nt nt
% 2 A - % g % t»é tiond\'c aCid( y cond alumi verted the a(*:l in
2 S8 2R g2 sidi a1 ithium 3 con tes e act .
= 2 2RR = g fu ord ith lith ‘as ¢ sta idie a 1-
o 3SS § ARRAR o = under with und w ble I f fusid ted ant
(3 THHEE e i Table T e anti-
E AR iE 2 tetro his com ity.—T: at‘“esd the o agains
§_~_4 ¥ :)\ A = ._f,_; & . this ctivl del'lv, n 10.1 ‘ ria-
50 A S o= i tion lq ial A 51 ; cid a in Py acte lu-
§: > % % § % 33\ :R ::r‘ ; aceta:iebactel?a,ities f(,)ffusidlc }?alosporlgative zerial_dll)?l_
H) . s A < = n ctiy p -ne he o)
P AQS%%/\/\ ) A ial a ose 0 d ce am t app
=2 = > 9 LR = B > n T by . h ¢ fter
T)NQQ%@/\/\ SE5 teri th da nd gr d vit a
B o = A L 0 bac . to . Cl itive a ne d v ad
"~~r: A <bcc_ ition C a 1ve ‘mit de e Te he
S o A S =3 1t1o ol sit terl e ere 8t
XS A S88 £ g dd helv -pos de h se we d as .
M\T—-: DO S N 2 2 = = a. tiCS ranl Jere brOt lts Sse . fol
£ 52z su re ed
< 80%“/\/\ 25 E bio ofg.-q“ ient he re exp ur -
SEEE A A i tber of | ities trie T re e requir cou

2 AQQm“/\ & .5 n uvita nu 1. a,.‘er ves
saigégiAA < “%ma&ﬂ”ﬂmwm%°“immﬂw%wu%“
55 SARA Es e tion me1‘004 Orggntion " rams %)(e] 0 (E)(fed as ageutral
£ gb 2 et - = 1 . atior rog 3 as 1€e.
%52 S8S88 EE ¥ . mately of mC‘; in mic rowth ( Werelt:‘ where diox?l(j-o

Qavcv*"‘aa.:-_g hr. lon fg up ) n °
QQ\EANAA,._V,:._ 20 ratlo ) roup sa ions the .
egb A r,—:;> 2 tla.'n lg ne t10. es
29 EllIE entra tio Xy i lu ed, lat
2ESS A= = neen bi bo lan 80 m piate
R TR P co nhi carbox thy 207 bta ar ic
| ® A ZE% ! free ir trie s 2 be o ag etr
| RS AR g = AN 30% a IT heir d as t . on om t
g = = S ‘ e nho ng e ge a
N - § 8 s 2 == £ ning of t add 1d edi are ed
) == o= B tat ions ere s cou se es I all
38888 AAR E:ix solut‘loundS “slutlol}bed afteied Va.luns perfroitv of ?)
= = i 0 S ‘min indicat inatio urity hro-
SE8 S S3E3F omp lear tern indi 1ina he p er c
b A 2C § > ¢ e c de he ernina t hap
] AR £ = Ther ere T det ting dj
G = S =33 W 5 we s. 0 tes r an
A gzt Z2 values he t‘ube]eaSt o to thehin laye
< c°§%f 23 onlt‘fat Prior by t
S es«:%:—‘.:.za fr s o S. ked
g o § S Sy NN ToEE mean t date chec
s > S p 'z = = 5 n ras Va-
N o *_ s == = 3 -ﬁ'ere I W 11y
S = ™~ =X -~ 1 res e
3 §3‘3<°7\/\ ;:-‘:2 d ivative . jon fthedt an
£ A .3 T1 hy S10 0 bi
iR 8 Zx & = de ap iscus ne hi 1d
5 A 2% Z= atogr Disc hat no ork eXd,C acid,
= = 55X £ 2 m t 18 Wi idi id
= 65—7*03 ]eI. this qu.~a01
J‘ S S § § = ;3% ; § om Tabbed m that of Ofusldlcl'i\'a_
| I N N = ppear fli 1 des('“tel. tha;‘5 dihyﬁrothel' de and
= = = ks il g ic ae 'eq, 4,25- A vity,
Qo%NN '=§—: vil .dl(-a, foa) . 2, / t1vity
== A z 3_3,: It v fusi ~V1‘(‘Y, tive, itself. *ac
- =R A = S= = of 1al acti rwa id its lower - ral
| A 5% = tives na e de idic ac h lo tive. uctu
! - S5 ibacte on sidi muc nac str re-
: %> 2 tiba nly s fus or ely itive to S,
° s~__7:s~“5 ar is as som S st hain. s 1t
Ss Ss S _;3_5 B g 2a), is W a almo ule lea: side C1 lead parelh
I % % S A ME .‘\T'!" ( es sho hem are nlolecbe the neral yof the 1 pos

@ c:ggN =5 == tives ft he ge e it is ;

z 8 S A A x<zz 0 ft to nd hos t1 ms,
$22 S5 2ot ny to ns bo t tha cha
S = A =& = ma ar eer ble . to ut ide
F30 ='“.%:. he pa; S seed ouble ilar 0 st
53 g A s MASEE = T 'ﬁCatlonhe A2 d'eS sllnbe rul?clll other kuda ot
R $S§ 2 EX nodi of t tiviti not wit o et oot

§EEEEY CE 23 (11 ction ith afa it can ounds T esor?  betieved
2S8R £Z2 s u S W n mp ed by e o Sir

- = &K x < ) d & . CcO 08 s, in ssor

g S év == A £ f,_ = boun Ounds’theslze id was profPrOduﬁalosp?;n Profe ed
3.2 ® 2 = ‘B = mp n ic aci Natura, of cep ion fr plie
82 A Er £ o to sy elvolic a of N cture nicatio eof Ap d to
S 3 ~ = el = ~.ble for I istry stru. mu titut. id an .
A ) < ¢ = S1 17 hem lie om Ins ic aci halo
=8 RIE EE zh ' e tha 16 (orivate ¢ Okuda. sampte of cop

3 < ERS Str ium on . p. p s, e
$388% o <‘§imv05‘i‘?wpif§mu“ i .oy e o v
3 2 gexn § S g 8 che%b'straclt;wn i’;) debted;Zkv‘)'dm{Engmnd'
T e =4 r "571 cf. : 58 nes). in,v f th -
< S.L‘ == 4.2 war he a Un xo R
"so r3>- 2 E T -, the Gla
g Z. ::7-_-3 s (1 iology, bell,
= ERIS S icrobi Camp
S =R 8 Mie: H.
© 5 Q-g g Dr. A‘ Pi.
E-B - sporie
F% .3 A 7 A 3
8 & <+ — o - < 2
L) 2 C,;] 2 = ¥ % Ej 3

Eos::* -

ESE

=

&}



20 W. O. GovrrrepsEN, W, voN DAEHNE, L. TYBRING, AND 8. VANGEDAL

which would be even more active than fusidic acid.
In this connection it is worth mentioning that the
24,25-dithydro  derivative of the related antibiotic
cephalosporin Py (which has the same side chain as
fusidic acid but a different substitution pattern of the
ring system)’? exhibits a similar antibacterial activity
as cephalosporin Py itself, whereas its tetrahydro deriva-
tive 1s active, 12

The low activity shown by the two tetrahydrofusidic
acids 3a and 8a as well as by lumifusidic acid (7a) and
itx 24,23-dihydro derivative 6a demonstrates the im-
portance of the presence and correct geometry of the
A double bond. It should, however, be noted that
with the exception of the tetrahydrolactones 15 and 16,
tetrahydro derivatives with a B-orientated side chain
have not been obtained =o far. It is remarkable that
m the lumifusidic acid series the tetrahydro derivative
8a i~ the most active one and i considerably more ac-
tive than the C-20 epimerte tetrahydrofusidic acid
(3a).

It will e seen that acetylation or epimerization of
the hydroxyl group ar C-3 in 1a and 2a is accompanied
by a considerable loss of activity, whereas 1j and 2j,
i which this group has been replaced by a keto group.
retain a substantial part of the orviginal activity. The
reason for the relatively high activities of these deriva-
tives nay well be that the microorganisms dispose of
oxidoreductases capable of reducing the keto group to
an e-orientated hydroxyl group. In this comnection
it <hould be noted that the antibioties cephalosporin )
and helvolic acid contain an  a-orientated hydroxyl
group and a keto group. respectively, at C-3.

Conversion of the 11-hydroxvl group in 2a to a keto
group (2h) causes likewise a moderate decrease of the
activity, and when both hvdroxyl groups are oxidized
to keto groups, az in le and 2e, the activity drops to
about 197 of the original valuex.

The l6-acetoxyl group seems 10 be as important as
the hydroxyl groups. Hydrolysis, with or without
inversion, yields compounds with a much reduced
activity (Im and 1In), and that epimerization of thix
acctoxyl group i accompanied by a substantial loss of
activity ix xcen by comparing the activities of 2j and 2o.

The importance of a free carboxylic group appears
fram the almost complete lack of activity shown by the
devivatives in whbich this group hax been modified
somce way (1b, 1p, 1q, and 2b).

Among the lactones listed in Fable I, only the stmple
Hi-deacetyvifusidic add lactone (9a) and its 24,25-di-
hydro derivative 10a show veasonable activities,  Here
again, cpimerization at (=16 wvolves loss of activity
(comparce 10a and 14a).

The antimicrobial spectra of compounds of the fusidic
acid scriex (la-n) and the 24.25-dihydrofusidic acid
seriex (2a-n) are qualitatively similar, and it will be
noted that all of these dertvatives show a lower activity
against the fusidic acid resistant strains of Staphylococ-
cus awreus than against the normal fusidic acid senxi-
{ive <train.  Thix fact, which also is true for the struc-
turally related antibioties cephalosporin Py and hielvolic
acid. points to the same or a shmilar mechanism of
action, s

In contrast, tetrahydro dertvatives such as 3a and 8a

(12) 11X, Bartan, T P Abraham, and 11 M. E. Cardwell, Biochem. J.,
62, IT) (16,
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as well as the lactones 9a and 10a are approximately
as active against the fusidic acid resistant strains as
against the fusidic acid sensitive strain, and therefore,
it niust be assumed that a deviating mode of action is
operating for these compounds.

Experimental Section

All melting points are carrected. Optical rotations, unless
otherwise stated, were measured in chloroform (¢ 1), and ultra-
vialet spectra in 964 ethanol =olution. The infrared =pec(r:
were obtained with a Perkin-Ilmer 21 spectraphotonieter with o
NaCl prism.  The nar. spectra were taken in CDClL; using »
Varian Associates spectrometer, Model A-60. The line positions
are given in 8 values with tetramethylsilane as internal standinrd.
To characterize the signals the following abbreviations are used:
= (xinglet), d {(doublet), t {triplety, m {multiplet), and b (broad,
ill-defined =ignal). Micraanalyses were performed by Mr. (i
Cornali and Mr. W, Egger.

Oxidation of Fusidic Acid (1a).—To a1 cold (10-15°) <olution af
fuxidic acid-benzene adduct's (1.5 g.1 in acetane (distilled fram
permanganate} (200 wl. ), Jonex's reagent (3 ml.)'¢ wax added.
After standing for 5 miu., water (200 ml.) wax added, and max¢
of the acetone was remaved in a rotatory evaporasor. The sus-
pension was extriected with ether, and the extract was washed
with water, dried, and evaporated to dryness.  The rexidue (1.47
g.1 ervstallized ou treatment with ether to yield 1020 mg. of le,
uLp. 197-10%° Reerystatlization from ether did not raixe the
melting poing,  Paper chromatograms of this prodnet, wheun
snbjected to bioantography on agar plates inacnlated with
Corynebacterium revosis, showed anly oune zoune of inhibition.
Na traces of fusidic neid or it monoketa derivatives conld he
detected; [a]® +136°.

el Caled. far (‘;illl;.;()»;: 72620 H, 805,
2330 H, RS540

3-cpi-Fusidic Acid (1f).~-The 3-keto derivative 1j of fusidir
aeld? (200 mg.) wax dissolved in 2¢¢ aqueois NaHCO, (5 ml.).
Sodhun borohydride (50 1mg.) was added in 2mall portions, aud
the resnlting solutian was alowed to stand at roomn temperature
for 20 min, - O aeidifieation with acetic acid 180 mg. of ¢rude 1f.
nLp, 195-197° crystallized.  Several recrystallizations from
acetane raised the melting point ta 211-211.5°. Paper chronatn-
grams of this produet, when subjected o bioantography on agar
plates lnoculated with €. recosis, showed only one zone of inhibi-
(inn with an £ vahe biwer than that of fusidie aeid: [o™n
087 (pyridine ;. W8P 1710, 1725, and 3450 ¢m, 7L

Anal. Caled. for CotaOg C, 72,060 H, 9036,
TINO; T Q.48

Reduction of Fusidic Acid Methyl Ester (1b).--A sohttion of 1b
(10,0 g.) in a1 mixture of dry ether (100 ml.) and dry dioxane (200
ml} was added with <tirring 1o a =olution of LiAIH, (33 g.) in ether
2000l After the addition was completed (1l the mixtore
wis refinved for 3 hr. Fxcess LaAIH: was destroved by additiou
of ethyl acetate, and snfficient water was thereafter added 1o
hvdrotyze the produet ermunplex with formation of a grannlar mass
(Hirhimmn aluminate  which was removed by filtration and washed
with ether. The enmhined fihrate and washings were washed
with warer, dried, and evaporated to dryness.  The residue
crvstallized fram ethyvl acetate io vield 5.5 g, of 1p, mp. 170-175°
Reveral reerv=tatizations fram the =ame solvent raized the melting
paint G IS1-184°, [ - 05° The mfrared <pectrim had na
bauds in the carbonyl region,

Anal. Caled, for Co HuO: C
7H.00: H, 10.66,

Acetylation of 1p to the Triacetate 1q.——Tetrol Ip (301 g, ) was
dissolved n o mixture of seetie anhydride (2.5 ml.) and pyridine
Al After standing for 16 hr., water was added to pre-
eipitate an oil which was erystallized from methanol-water 1o
afford 330 mg, of Tq, . 1031070 Farther recrvstallizaiions

Fouud: (.

Found:

a6 I, lasn, Fouud: o

131 The e of activn ol fusidie acid hax heen invescigaced by L L
Harvev. C. 0, Nili, and &, Go Kniehit (Racterialogical Proceedings, Amerivan
Saeiecy for Microhialagy, AQantie Cay, NoTo April 1965).

V14 This reagent was pepared acearding to Djerassi, et al.,'s by dissolving
ehromiami V) axide i26.72 w.) in concentraterd 1180 (23 mbl) amdl wbline
wilter 1o valinme of 100 1l

QN Ol Dierass, R.R. Fngle, and A Bowers, Jo Oy Chene, 21, 10310
[RSTHTHN
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from methanol-water raised the melting point to 108-109°,
[a]®Dp —11.5°,

Anal. Caled. for C;3HuOs: C, 71.64; H, 9.28. Found: C,
71.50; H,9.13.

Hydrogenation of the 3,11-Diketo Derivative 2e.—A solution
of 2e (3.09 g.) in acetic acid (30 ml.) containing 6 drops of con-
centrated HCl was hydrogenated in the presence of platinum
oxide (50 mg.). When 170 cec. of hydrogen was consumed (160
min.), the hydrogenation was stopped, and the catalyst was re-
moved. The filtrate was evaporated in vacuo, and the residue
was dissolved in ether. The ethereal solution was repeatedly
washed with water, dried, and evaporated to yield 2.80 g. of an
aniorphous residue which could not be crystallized. Paper
chromatography revealed that this product was contaminated
with traces of starting material and 24,25-dihydrofusidic acid
(2a). 1t was purified by chromatography on Florisil. Elution
with benzene-ethanol (94 :6) gave fractions which, according to
paper and thin layer chromatography, contained 2h ouly. A
erystalline product could not be obtained; [«]*p +59°.

Anal. Caled. for CaHyQs: C, 72.06; H, 9.36. Found: C,
72.35; H,9.52,

24,25-Dihydrofusidic Acid (2a).—To a solution of 2h (280 mg.)
in methanol (3 ml.) 3% aqueous sodium bicarbonate (6 ml.) fol-
lowed by NaBH, (100 mg.). was added. After standing for 10
min. at room temperature, the solution was acidified with dilute
HCIl and extracted with ether. The extract was repeatedly
washed with water, dried, and evaporated in vacuo. The residue
crystallized from ether to afford 220 mg. of a product with m.p.
172-175°. Recrystallization from ether raised the melting point
to 180-182°, alone or mixed with an authentic sample of 2a.
The infrared spectra were identical.

16-Deacetyl-24,25-dihydrofusidic Acid (2n).—24,25-Dihydro-
fusidic acid®= (2.0 g.) was dissolved in a mixture of methanol (25
ml.) and 339 aqueous NaOH (5 ml.), and the resulting solution
was refluxed for 30 min.  After cooling, water (50 ml.) was added
to precipitate the sodium salt of 2n which is sparingly soluble in
water. The salt was filtered off, washed with water, and sus-
pended in a mixture of water (30 ml.) and ether (50 ml.). Dilute
HC! was added drop by drop to the stirred suspension until two
clear phases resulted. The ethereal phase was separated, washed
with water, dried, and evaporated to dryness.  The residue
crystallized from ether-hexaue to yield 1480 mg. of 2n, m.p. 139-
139.5°. Recrystallization from the same solvents did not raise
the melting point; [a]?D —7.6°.

Anal. Caled. for CoeHeisO5Hy0: C, 70.41; H, 10.19. Found:
C, 70.58; H, 10.31,

Tetrahydrofusidic Acid 3-Acetate (3c¢).—Tetrahydrofusidic
acid (3a) (300 mg.) was dissolved in a mixture of acetic anhydride
(2.5 ml.) and pyridine (2.5 ml.). After standing for 16 hr,
water was added to precipitate an oil which was extracted with
ether. The extract was repeatedly washed with water, dried, and
evaporated in vacuo to a foam which failed to crystallize; [«]®D
—6°.

Anal. Caled. for C33H;sO:: C, 70.43; H, 9.67.
70.19; H, 9.72.

Lumifusidic Acid (7a).—A salution of fusidic acid-methanol
adduct (5 g.) in dry, peroxide-free dioxane (50 ml.) was irradiated
in a quartz tube with ultraviolet light from a medium-pressure
mercury lamp (Hanovia, Type 509) at 15°. During the ir-
radiation, samples were subjected to paper chromatography [sol-
vent system heptane-benzene-methanol-water (5:5:7:3), spray
reagent a saturated solution of SbCl; in CHCL] which revealed
that fusidic acid (Rs 0.40) was partly converted into a more polar
compound, lumifusidic acid (Rr 0.18), in addition to other, even
more polar compounds. Optimal conversion into lumifusidie
acid was achieved after irradiation for about 18 hr, The solvent
wax removed 7n vacuo, and the residue was dissolved in benzene,
which again was removed in vacvo. This was repeated until all
traces of dioxane were removed. Finally, the residue was dis-
solved in benzene (25 ml.), and the solution was kept in the re-
frigerator overnight. Most of the unreacted fusidic acid sepa-
rated as its benzene adduct which was removed by filtration
(1.5g.). The filtrate was evaporated in vacuo to leave 3.5 g. of an
amorphous residue which was chromatographed on Florisil (150
g.). Elution with benzene-ethanol (90:10) gave fractions which,
according to paper chromatography, contained lumifusidic acid
only. These were combined and evaporated in wvacuo. The
residue crystallized from methanol-water to afford 1.6 g. of 7a,
nLp. 115-125°. Recrystallization from the same solvents raised
the melting point to 118-125°. This produet is a solvated form

Found: C,

Fusipic Acip DErivaTivEs. 1 21

of 7a, and a satisfactory microanalysis could not be obtained;
[@]%D —63°, Amnax 204 mu (e 14,700), »EBr 1665 and 1725 ¢m, ~*.

Lumifusidic Acid Methy! Ester (7b).—Lumifusidic acid (1.0 g.)
was esterified with ethereal diazomethane in the usual way.
The residue crystallized from ether-hexane to yield 600 mg. of
crystals, m.p. 148-150°, Recrystallization from the same sol-
vents raised the melting point to 150-150.5°; [«]®D —33°;
nm.r., . 8 5.65 (d, CH-16), 5.05 (b, CH-24), 4.31 (b, CH-11), 3.72
(s, COOCHjy), 3.65 (b, CH-3), and 2.03 (s, OCOCH,).

Anal.-. Galed. for C;HyOs: C, 72.41; H, 9.50. Found: C,
72.39; H, 9.50.

24,25-Dihydrolumifusidic Acid (6a). A. Hydrogenation of
Lumifusidic Acid (7a).—A solution of lumifusidic acid (5.1 g.)
in 969 ethanol (40 ml.) was hydrogenated under 1 atm. of hydro-
gen in the presence of 5¢% palladium on caleium carbonate (0.5 g.).
In 3 hr. 250 ce. of hydrogen was absorbed, and the consumption
ceased. The catalyst was removed, and the filtrate precipitated
with water to yield 4.5 g. of 6a, m.p. 141-144°. Recrystallization

from ethanol-water did uot raise the melting point; [«]%D
—66.5°, Anax 204 mp (¢ 10,100).
Anal, Caled. for CyuHy0¢0.5H;0: C, 70.55; H, 9.74.

Found: C,70.65; H, 9.61.

B. Irradiation of 24,25-Dihydrofusidic Acid (2a).—A solu-
tion of 2a (1.0 g.) in dry, peroxide-free dioxane (10 ml.) was ir-
radiated in a quartz tube with ultraviolet light from a medium-
pressure mercury lamp (Hanovia, Type 509) at 15° for 24 hr.
The mixture which, according to paper chromatography [solveut
system heptane-benzene-methanol-water (5:5:7:3), spray re-
agent SbClssaturated CHCL], contained 6a and unreacted 2a,
in addition to other minor components, was evaporated in vacuo,
and the residue was chromatographed on Florisil. Elution with
benzene-ethanol (90:10) gave fractions which, according to paper
chromatography, contained 6a ouly. These were combined and
evaporated in vacuo. The residue crystallized from ethanol-
water to yield 220 mg. of crystals, m.p. 140-143°, alone or mixed
with a sample of 6a prepared as described under A above. The
infrared spectra were identical.

24,25-Dihydrolumifusidic Acid Methyl Ester (6b).—To a
solution of 6a (500 mg.) in ether (5 mL) an ethereal solution of
CH.N, was added until the yellow color persisted. The solvent
was removed in vacuo, and the residue crystallized from ether-
hexane to vield 325 mg. of 6b, m.p . 146-146.5°. Recrystallization
from the same solvents raised the melting point to 147-147.5°;
[«]®p —31°; n.m.r, 8 5.65 (d, CH-16), 4.28 (b, CH-11), 3.71
(s, COOCHjy), 3.65 (b, CH-3), and 2.03 (s, OCOCH,).

Anal. Caled. for C»HiQ: C, 72.14; H, 9.84. Found: C,
72.19; H, 9.85.

Ozonolysis of 6b.—Ozonized oxygen was bubbled through a
solution of 6b (4.0 g.) in dry methylene chloride (40 ml.) con-
taining dry pyridine (0.4 ml.) at —78°in 7 hr. Zine dust (2.0 g.)
and acetic acid (4 ml.) were added, and after stirring for 2 hr. at
25°, the precipitate was filtered off and washed with CH,Cl..
The combined filtrate and washings were washed successively
with water, aqueous NaHCQ;, and water. After drying and
removal of the solvent in vacuo, the residue was extracted with
hexane. The extract was concentrated to a colorless oil which on
distillation in vacuwo afforded 170 mg. of a liquid, b.p. 95° (10
mmn.), the infrared spectrum of which was identical with that of
an authentic sample of 2-hydroxy-6-methylheptanoic acid
methyl ester (4).!2 The residue from the hexane extraction
crystallized from ether to yield 240 nig. of colorless erystals, m.p.
190-195°. Several recrystallizations fromi ethanol raised the
melting point to 211-212°, alone or mixed with a sample of 5 ob-
tained on ozonolysis of 24,23-dihydrofusidic acid methyt ester.'s
The infrared spectra of the two products were identical.

Hydrolysis of 6a to 6n.—A solution of 6a (540 mg.) in a mixture
of ethanol (5 ml.) and 2 ¥ NaOH (10 ml.) was heated on the
steam bath for 1 hr. After cooling, the mixture was acidified with
dilute HCl and extracted with ether. The extract was washed
with water, dried, and evaporated to dryness. The residue
crystallized from ethanol-water to afford 360 mg. of colorless
crystals, m.p. 200-210°, Several recrystallizations from the
same solvents gave pure 6n, ni.p. 218-219.5°, [a]%D +26° (pyr-
idine), Amax 204 mu (e 10,000).

Anal.  Caled. for CyyHyQs: C, 73.07; H, 10.15. Fouud* C,
73.05; H, 10.23.

Conversion of 7a to 1a.—A solution of pure lumifusidic acid
(1 g.) in dry, peroxide-free dioxane (10 ml.) was irradiated in a
quartz tube with ultraviolet light from a medium-pressure
mercury lamp (Hanovia, Type 509) at 15° for 18 hr. Paper
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chromatograms of the reaction mixture, when subjected to bio-
autography on agar plates lnoculated with €. xerosis showed a
zone of inhibition with an Ry value corresponding to that of
fusidic acid.  The solvent was removed 4n vacuo and tle residue
wis dissolved in benzene (5 ml.) and seeded with fusidic acid-
benzene solvate. After standing overnight, a crystalline solid
was collected.  The crude product (120 mg.) was recrystallized
from benzene to yield 95 mg. of fusidic acid-benzene =olvate
Identical in every respect with an authentic sample.

Hydrogenation of 6a to 8a.—A solution of 6a (520 mg.} in acetie
acld (5 ml) was hydrogenated under 1 ati. of hydrogen in the
presence af PtOs (50 mg.). In 3 hr. the theoretical amount nf
hyvdrigen was absorbed, and the cansumption ceased. The
viitalyst was remaved, and the filtrate was precipitated with water
to vield a semicrystalline solid which was collected und dissolved
1 ether (20 ml.).  The ethereal ~olution was washed with water,
dried, and evaporated. The residue crystallized from ether to
afford 440 mg. of colorless erystalz, m.p. 180-183°. Reervstal-
lizarion from acetonitrile gave pure 8a, m.p. 154.5-185° J«]*'»
—58° N =elective ab=orption necurred in the ultraviolet <pee-
trin above 200 my.

Aral. Caled. for Gy HieOy: ¢ 7150,
TLAd: M, 100,

Hydrolysis of 8a to 8n.— A solution of 8a (350 ng.) in a mixture
nf ethanol (10 ml) and 2 .V NaOH (10 ml.) was refluxed for 5 hr.
After cooling and acidification, most of the ethanol was removed
under reduced pressure.  Working up through ether gave a
product which erystallized from methaunl-water to vield 300
mg. of 8n, m.p. 180-192°. Recrystallization from the smme
sntvents gave 270 mg., mp. 184-186°, a2 —66°.

dnal. Caled. far ColdpO,-05H.0: €, T1.41: I
Fonud: C, 71.51: H, 10.44,

Acetylation of 8a.——Compaund 8a (200 mg.) was dissolved ina
mixture of acetic anhydride (1 ml) and pyridine (1 ml.).  After
~tauding for 3 hr., water was added to precipitate an oil which was
extrarted with ether. The extract was repeatedly washed with
witer, dried, and evaporated to a fomm which failed to erystallize:
Ja (¥ — 382,

Anal. Caled, for CygHs,O::
70155 H, 0.76.

H, 10.07, Fiond: O,

1L5-E

C, 7043; H, 067, Found: C,

Val. 9

Acetylation of 8n.--Compound 8n (100 mg.) was acervlated
as deseribed for 8a.  The infrared spectrin (KBriof the prodi
was identienl with that of the compound obtaimed an acetylation
of 8a.

Acetylation of 9a to 9b.—16-Dencetylusidie aeid Lurtane 1200
mg. ) was dissolved in a1 mixture of acetic anhvdride {2 ml.) and
pyridine 2 mlo. After standing for 16 hr. the produet was pre-
cipitated with water. The crnde qrodnet was recrystallized
fram ether-hexane to vield crvstals with mp, 1011022, [ 1,
~+41°,

dAnal,  Caled. for CyILaD,: 5 7466
451 1, as,

Acetylation of 11a to llc.--Compound 1la (1.0 g.) was dis-
solved in 3 ml of a mixture of acetie acid (40 k), neeiie anhy-
dride 201l 3, and p-tolienesulfouic acid (10 g.).  Afler standing
for 20 i, water wax added to precipitate an mmarphons solid
which ervstallized from methanol-water 1o yield 900 mg. of 1te,
nep. 202-203°0 Reervaiallization from methanol mised the
nielting poiut 1 205-204°, [o]¥n —24°,

dnal. Caled. tar Cpdlu0g: €, 72,70
2,07 1, ahl.

Sodium Borohydride Reduction of 9a to 13a.—To a =olution of
componnd 9a (200 mg. ) i wmethanol (10 ml) 57 aqueous NanBH,
i1 ml) was added.  Afier standivg for 30 min., the sohition wasx
acidified with acetie acid and precipitated with water to yield
150 mg. of ernde 13a, wm.p. 1658-171° Two recryvsiallizations
{rom ether-hexnne raised the melting point to 174-176° (xintering
At 136-13%°% ol — 42 N 2083 mu fe H200): pEB 550
vwd, TGDD fw g, and 1750 (=i e, 7

Anal, Caled. far CoolbsO)y: ()
7o HL 10026,

L 9300 Fonud: )

H, 062, Fonud: )

.04 1L 101 Fouad:
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A series of N-aniino-N-substituted guanidines have been syuthesized and evaliated far antimflammatory

aetivity.

It a previous publication,! we discussed a ~eries of
nhenoxyalkylguanidines and related compounds which
exerted a potent blocking action on the syvmpathetic
nervous system, Of particular interest was 2-(2,6-
xylyvloxy)ethylguanidine (I), which may be considered
ag combining the structural features of choline 2,6-

CH:
OCH,CH,NHC(NH,)=NH

CH,
I
xylyl ether bromide? and guanethidine [2-(octahydro-1-
azocinylethyljguanidine sulfate.® Turther investiga-

1) Part I of this series: 1. I. Barron, P. M. G. Bavin, G.J. Durant, I. L.
Natofi, R. G. W. 3pickett, and D. K. Vallance, J, Med. Chem., 6, 705 (1963).
i2) P. Hey and G. L. Willey, Brit. J. Pkarmacol., 9, 471 (1954): “TM10."

tions have shown that compounds in thix sceries ave
also active In certain assays for antinflammatory
activity, and in an extension of this work structurally
reluted aminoguanidines have been synthesized, some
of which have proved to be active in a range of tests
for antiinflammatory activity.
Chemistry.—1-Amino-3-substituted guanidines (111)
were prepared by the rveaction of 2-methyl-2-thioiso-
semicarbazide with phenoxyalkylantines? (see Scheme
1). However, as it ix laborious and often difficult to
separate the products (IIT) frowm tetrazine derivatives®
and other products® formed by the alkaline decompo-

i31 R. A, Maxwell, R, . Mall, and A. J. Plummer, Lzperientia. 16, 267
(1959,

) G. W, Kirsten and G. B. L, Smith, J. Ani. Chem. Soc., 58, 800 (1936).

») (a) F. L, Scott and J. Reilly, (hem. Ind. (London), 907 (1952): (L)
¥. L. 8cott, ibid., 158 (19541; {¢) C. Lin, L. Lieber, and J. P. Horwitz, /.
Am. Chem. Soc., T6, 427 (1951,



