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ium compounds react with the silicon-hydrogen
group in diethyl ether to give tetrasubstituted prod-
ucts. Triethylsilane!at has been found to react
with methyl-, #n-propyl-, z-butyl- and phenyl-
lithium to give the respective tetrasubstituted or-
ganosilicon compounds. Triphenylsilane? also has
been found to react similarly.

Nebergall? has shown that phenylsilane reacts
with an excess of phenyllithium and ethyllithium
in diethyl ether to give tetraphenylsilane and tri-
ethylphenylsilane, respectively. That the solvent
plays an important role in the reaction was dem-
onstrated when excess ethyllithium was treated
with phenylsilane in petroleum ether. The prod-
uct from this reaction was diethylphenylsilane.
Nebergall reported that no reaction occurred be-
tween phenylsilane and a large excess of phenyl-
magnesium bromide in diethyl ether.

Triphenylsilane? has been found to be unreactive
toward phenylmagnesium bromide in ether, re-
fluxing xylene, and a mixture of ether and dioxane.
West and Rochow* have reported that di-n-butyl-
silane does not react with ethylmagnesium bro-
mide in a mixture of ether and toluene at 100°.

One of the steps in the cleavage? of symmetrical
diphenyldisiloxane with Grignard reagents in di-
ethyl ether has been shown to lead to alkylation of
the silicon-hydrogen group.

We have found that triphenylsilane, diphenyl-
silane, and phenylsilane will react with Grignard
reagents in tetrahydrofuran (THF). Triphenyl-
silane reacted with phenylmagnesium bromide,
after 24 hours of refluxing in THF, to give a 149,
vield of tetraphenylsilane which was identified by
infrared spectrum and by mixed melting point with
an authentic sample. Triphenylsilane also gave
allyltriphenylsilane in a 539, yleld when treated
for 24 hours with allylmagnesium chloride® in re-
fluxing THF.

Diphenylsilane when allowed to react with ex-
cess phenylmagnesium bromide for a period of two
days in refluxing THF gave a 799 yield of tri-
phenylsilane. Diphenylsilane also reacted with ex-
cess n-butylmagnesium bromide under similar con-
ditions to give a 729, yield of n-butyldiphenyl-
silane, b.p. 110-112° (1 mm.), »*p 1.5541, 4%,
0.9604. Anal. Caled. for C;sHySi: Si, 11.68; MR,
80.17. Found: Si, 11.53, 11.52; MR, 80.24.
Refluxing a solution of diphenylsilane with an ex-
cess of phenylmagnesium bromide in diethyl ether
gave a 319 yield of triphenylsilane.

Phenylsilane after reaction with one equivalent
of phenylmagnesium bromide in THF at room tem-
perature for 6.5 hours gave a 667 yield of diphenyl-
silane; while the same reaction, when carried out
in diethyl ether at room temperature for 24 hours,
gave a 529, yield of diphenylsilane. Likewise,
phenylsilane reacted with one equivalent of #-

(1) (a) H. Gilman and S. P. Massie, Jr.,, TH1S JoURNAL, 68, 1128
(1946); (b) R. N. Meals, ibid., 68, 1880 (1946).

(2) H. Gilman and H, W. Melvin, Jr., sbid., T1, 4050 (1949).

(3) W. H. Nebergall, ibid., 72, 4702 (1950).

(4) R. West and E. G, Rochow, J. Org. Chem., 18, 302 (1953).

(5) M. C. Harvey, W. H. Nebergall and J. S. Peake, THIS JOURNAL,
79, 1437 (1957).

(6) Unpublished studies of Theodore Soddy in this Laboratory
have indicated that triphenylsilane will not react with allylmagnesium
chloride in diethyl ether.
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dodecylmagnesium bromide in THF to give a 78%
yield ~of n-dodecylphenylsilane, b.p. 130-131°
(0.6 mm.), n®p 1.4480, 4%, 0.8629. Anal. Calcd.
for CisHgSi: Si, 10.16; MR, 92.29. Found: Si,
10.13,9.99; MR, 92.41.

n-Dodecylphenylsilane, prepared as previously
stated, reacted with one equivalent of benzylmag-
nesium chloride, after refluxing for 18 hours in THF,
to give a 639, yield of benzyl-n-dodecylphenyl-
silane, b.p. 180-183° (0.12 mm.), #*D 1.5233,
4%, 0.9200. Anal. Caled. for CosHgsSi: Si, 7.66;
MR, 121.05. Found: Si, 7.59, 7.62; MR, 121.68.

Related reactions, with a variety of RM com-
pounds, are in progress with other combinations
having one or more hydrogens attached to various
metals and metalloids. Some dialkylsilanes appear
to behave differently than the diarylsilanes.
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A NEW FAMILY OF ANTIBIOTICS: THE DEMETHYL-
TETRACYCLINES
Sir:

Among the most useful of the broad-spectrum
antibiotics is a small group of substances derived
from perhydronaphthacene and called the tetra-
cyclines. Tetracycline, 7-chlorotetracycline, and
5-hydroxytetracycline! are used in therapy.

R CHyOH H R H N(CHy),

0 CONH,
0 0 o Ho
H H
R R’
Tetracycline H H
7-Chlorotetracycline Cl H
5-Hydroxytetracycline H OH

We now wish to describe four members of a new
family of compounds closely related to the pre-
viously known tetracyclines. On the basis of
physical and chemical properties presented here
and on the basis of degradation studies presented
in the accompanying papers, it has been estab-
lished that these four new compounds are 6-de-
methyltetracycline (I), 7-chloro-6-demethyltetra-
cycline (II), 6-demethyl-4-epi-tetracycline (III),
and 7-chloro-6-demethyl-4-¢pi-tetracycline (IV). 6-
Demethyltetracycline hydrochloride hemihydrate:
[a]®D —259° (0.5% in 0.1 N H,S0,); m.p., dec.
203-209°; Amal. Caled. for CuHauNoClOss: C,
53.00;, H, 5.08; N, 5.89; Cl, 7.45; O, 28.58;
H,0, 1.89. Found: C, 52.52; H, 5.34; N, 6.05;

(1) The trademarks of the American Cyanamid Company for tetra-
cycline and 7-chlorotetracycline are Achromycin and Aureomycin,
respectively, The trademarks of Chas. Pfizer and Co., Inc., for tetra-
cycline and 5-hydroxytetracycline are Tetracyn and Terramycin,
respectively.
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7-Chloro-6-
[¢]?*D —258°

Cl, 7.51; 0, 28.58 (@iff.); H,O, 1.96.
demethyltetracyclme sesquihydrate:
(0.5% in 0.1 N H,S0,); m.p., dec. 174-178°;
Amnal. Caled. for CyHuN,ClOss: C, 51.27; H,
4.92; N, 5.70; Cl, 7.21; O, 30.90; H.O, 5.49.
Found: C, 51.13; H, 4.93; N, 6.00; Cj, 7.39; O,
30.55 (diff.); H,0, 4.45. 6-Demethyl-4-¢pi-tetra-
cycline hydrochloride: [a]®p —335° (0.5% in 0.1
N H.S0,); m.p., dec. 225-230°; Anal. Caled. for
CuHuNyClOg: C, 54.02; H, 4.97; N, 6.00; Cl,
7.61; O,27.42. Found: C, 54.56; H,5.19; N, 6.07;
Cy, 7. 67; O, 26.51 (diff.). 7- Chloro-6- demeth 1-4.
epi- tetracyclme hydrochloride: [a]®D —323° (O 5%
in 0.1 N H,SO,); m.p., dec. 214-216°; Anal. Caled.
for CoaHpuN.ClLOs: C, 50.31; H, 4.42; N, 5.59; Cl,

14.15; O, 25.53, Found: C, 50.38; H, 4.81;
N, 5.28; Cl, 14.21; O, 25.32 (diff.).
TABLE I
Rt VALUES IN PAPER CHROMATOGRAPHIC SYSTEMS®
Mac- 0.3N HsPOyp
0.3M Ilvame s 0.1
sodium  buffer/ CCI;COOH
phosphate/ ethyl 9:1 CHCls
#n-hutanol acetate —»n-BuOH
(pH 3.0) (pH4.7) (pH 1.9)
7-Chlorotetracycline 0.59 0.78 0.61
7-Chloro-4-epi-tetracycline .59 .28 .33
7-Bromotetracycline .59 .78 .61
7-Bromo-4-¢pi-tetracycline .59 .28 .33
7-Chloro-6-demethyltetracycline
Im .47 .70 .39
7-Chloro-6-demethyl-4-epi-tetra-
cycline (IV) .47 .26 .20
5-Hydroxytetracycline .37 .60 .23
5-Hydroxy-4-epi-tetracycline .37 .03 11
Tetracycline .37 .46 .20
4-epi-Tetracycline .37 .15 .12
8-Demethyltetracycline (I) .30 .27 .22
6-Demethyl-4-epi-tetracycline (III) .30 .09 .10

@ These values were determined using pure components.
The components may migrate differently when present in
crude fermentation mixtures, the migration rates being
influenced by salts, natural carriers, etc.

TABLE 11
COMPARISONS OF STABILITIES TOWARD ACID AND BASE AND

OF in Vitro ANTIBACTERIAL ACTIVITIES
% of in
vilro anti-
bact-activ,
of 7.chloro-
tetracycline

Half destruction time against
(min.} in: S. aureus
10N 01N (turhidi-
H;S0, NaOH metric
at 100° at 100° meas.)
7-Chloro-6-demethyltetracy-
cline (II) 445 40 75
7-Chlorotetracycline 2.1 <0.3 100
7-Chloro-6-demethyl-4-epi-
tetracycline (IV) 322 35.6 7
7-Chloro-4-¢pi-tetracycline 5.8 <0.6 4.2
6-Demethyltetracycline (I) 24.8 31.5 24
Tetracycline 1.0 6.8 25
6-Demethyl-4-epi-tetracycline 25.8 46 3
(111)
4-¢pi-Tetracycline 0.9 7.2 1.6
5-Hydroxytetracycline 4.5 2.2 24
5-Hydroxy-4-epi-tetracycline 2.6 3.3 1.1

Additional constants obtained on II hydro-
chloride were: Caled.: N-methyl, for one dimethyl-
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amino group, 6.0; O-methyl, 0; O, 25.54. Found:
N-methyl, 7.4; O-methyl, 0; O, 26.2 (Unter-
zaucher).

Compounds I and II are produced by a mutant
of Streptomyces aureofaciens Duggar, coded as
Mutant S-604 and derived ultimately from the
original 7-chlorotetracycline-producing S. aureo-
Jaciens A-377 soil isolate of Duggar. Compounds
IIT and IV are derived from I and II, respectively,
by a process analogous to that used in the con-
version of the previously known tetracyclines to
their epimers.? Differentiation of these new com-
pounds from each other and from the previously
known tetracyclines can be accomplished by paper
chromatography (Table I). The ultraviolet ab-
sorption spectra of these new compounds are
essentially unchanged from those of their previously
known 6-methyl analogs. A striking feature of
all four new compounds is their great resistance
to degradation by acid or by alkali. Comparisons
are given in Table II. Relative i vitro antibac-
terial activities against Staphylococcus aureus are
presented in Table I1.2

The inter-relationships of these 6-demethyltetra-
cyclines are established by the following observa-
tions. Catalytic hydrogenation (palladium on
charcoal, 1.1 atm. of hydrogen) of II yields I and
of IV yields III. Chloride-containing fermenta-
tions produce predominantly II; chloride-free
fermentations produce I.*# I and III are rever-
sibly interconvertible under epimerizing conditions
and IT and IV behave analogously. Assignment of
configuration at C.4, relative to the tetracyclines,
was made on the basis of ultraviolet and infrared

CH,0H,H,0,
Wwith Cl- NaH,PO;
> II > 1V
Fermentation )
of $-604 Hy(Pd) Hx(Pd)
l CH,0H,H;0,
Without Cl- NaH:PO;
e 1 — > 11

spectra, antibacterial activity, and paper chroma-
tographic behavior.

The great resistance of these new compounds to
degradation by acid or by alkali was interpreted as
meaning that the common difference between the
new compounds and the previously known tetra-
cyclines lay in Ring C, since degradation by acid
and degradation by alkali both involve initially
Ring C.%873% The ultraviolet absorption spectra,

(2) A. P. Doerschuk, B, A, Bitler and J. R. D. McCormick, THIs
JourNAL, 77, 4687 (1955).

(8) This brings to three the number of positions in the tetracycline
molecule at which a simple change of substituents has heen possible
without an appreciable reduction of the {n vitro antibacterial activity
against S. anreus from that of tetracycline: C.5, H to OH; C 6, CH,
to H; C.7, H to Clor Br. Other simple changes, such as 2-carbox-
amido to 2-cyano or inversion of C.4 configuration, dimirnish this ac-
tivity by twenty-fold or greater.

(4) A. P. Doerschuk, J. R, D, McCormick, J. J. Goodman, S. A.
Szumski, J. A. Growich, P. A. Miller, B. A. Bitler, E. R. Jensen, M. A.
Petty and A. S. Phelps, THis JourNaAL, 78, 1508 (1956).

(8) C. W. Waller, B. L. Hutchings, R, W. Broschard, A. A. Goldman,
W. J. Stein, C. F. Wolf and J. H. Williams, ib7d., T4, 4981 (1952),

(8) C.W. Waller, B. L. Hutchings, C. F. Wolf, A. A. Goldman, R, W.
Broschard and J. H. Williams, tbid., T4, 4981 (1952).

(7) F. A. Hochstein, C. R. Stephens, L. H. Conover, P. P. Regna,
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which are essentially superimposable on those of
the corresponding 6-methylated tetracyclines,
showed that the Rings B—C-D chromophore was
not changed,”® leaving carbons 5a and 6 as possible
points of difference.

R. Pasternack, P, N. Gordon, F. J. Pilgrim, K. J. Brunings and R. B,
Woodward, THIS JOURNAL, T8, 5455 (1953).

(8) C. R, Stephens, L. H. Conover, R. Pasternack, F, A. Hochstein,
W. T. Moreland, P. P. Regna, F. J. Pilgrim, K. J. Brunings and R. B.
Woodward, ¢bid., 76, 3568 (1954).
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DEMETHYLTETRACYCLINES, STRUCTURE STUDIES
Sir:

The isolation and characterization of a new series
of highly active tetracycline antibiotics has been
reported recently.! In this communication degrada-
tion studies are presented showing that the parent
compound of this series is 6-demethyltetracycline.?

In a preliminary experiment 7-chloro-6-de-
methyltetracycline (I) was distilled with a highly
active zinc dust® giving naphthacene (ASIS: 420
mu, 446 my, 477 mu). Under the same conditions
chlorotetracycline gave a distillate whose ultra-
violet spectrum [ASES™ 425 mu (broad), 452 my
(broad), 476 mu, 485 mu] was indicative of a mix-
ture of naphthacene and 5-methylnaphthacene.
These data coupled with the analytical results!
indicating that these new antibiotics had one less
carbon atom than the known tetracyclinest sug-
gested that the C.6 methyl group of the tetra-
cycline nucleus was missing in the new series.
This was confirmed immediately by numerous
Kuhn—-Roth determinations on I and related com-
pounds, all of which gave zero values. In this
determination the famuilar tetracyclines all gave
appreciable C-methyl values, 5

That the structure of I was the same as chloro-
tetracycline in all other respects® was shown by
several reactions. Heating in concentrated hydro-
chloric acid aromatized the C ring of I giving an
anhydro compound (II) in good yield, [a]®D
+105° (0.467% in methyl cellosolve); m.p. 205-

(1) J. R, D, McCormick, N, O. Sjolander, U. Hirsch, E. R, Jensen
and A. P. Doerschuk, THIs JourNaL, 79, 4561 (1957).

(2) The experiments reported herein were carried out on 7-chloro-6-
demethyltetracycline. Its relationship to the parent compound and
also to the 4.epi-isomers has heen established in reference 1,

(3) (a) F. Kégl and W. B. Deijs, Ann., 5158, 19 (1935)., (b) We
are indebted to Dr. J. B. Patrick for recommending this preparation.

(4) (a) C. R, Stephens, L. H, Conover, R. Pasternack, F. A, Hoch-
stein, W. T. Moreland, P. P. Regna, F. J. Pilgrim, K. J. Brunings and
R. B. Woodward, THIS JOURNAL, 76, 3568 (1954); (h) F. A, Hochstein,
C. R. Stephens, L. H. Conover, P. P. Regna, R. Pasternack, P. N.
Gordon, F. J. Pilgrim, K. J. Brunings and R. B. Woodward, 7bid., 75,
5455 (1953); (c) J. H. Boothe, J, Morton, 11, J. P. Petisi, R. G. Wilkin-
son and J. H. Williams, bid., 78, 4621 (1953).

(5) Unreported analyses from These Laboratories;
chlorotetracycline hydrochloride (CzHaqN20sCl2):
methyl, 2.92; Found: 1.93, 1.81, 1.91.

(6) The configurations about the five asymmetric centers in I and
chlorotetracycline have not been related. However, it seems probable
that they are the same in view of the high antibiotic activity of I and
the strict configurational requirements for activity already demon-
strated. Cf. A, P. Doerschuk, B. A, Bitler and J. R. D. McCormick,
TrIS JOURNAL, 77, 4687 (1955), and footnote 3 of reference 1.

for example,
Caled. for 1 C-
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2100 (dec.), (AnaZ Calcd. for C21H19N207C11 C,
56.44; H, 4.29; N, 6.27; Cl, 7.94. Found:
C, 56.39; H, 4.60; N, 5.83; Cl, 7.81; C-methyl,
0.0). This was considered to be good evidence for
an hydroxyl group on C.6 and a hydrogen atom
on C.5a. The ultraviolet absorption spectrum of
II DIy Ee 293 myu (e 30,200), 272 mu (e 52,500),
430 mu (e 8,050)] was quite similar to the known
anhydrotetracyclines’” but exhibited a hypso-
chromic shift characteristic of an aromatic com-
pound having one less alkyl substituent.? The acid
stability of II eliminated the possibility of C.5
bearing an hydroxyl group.?

That I and the known tetracyclines have the
same A ring, was shown by oxidation of I in N
NaOH with oxygen to give dimethylamine and
3,4 - dihydroxy - 2,5 - dioxocyclopentane - 1 - car-
boxamide® (IIT) identical with the compound ob-
tained similarly from tetracycline and chlorotetra-
cycline.”™ From the same reaction was obtained a
new compound (IV), [«]%Dp +2.5° (2.009, meth-
anol), m.p. 194-195° (4nal. Caled. for CisHy-
0,Cl: C, 49.62; H, 3.52; Cl, 11.27. Found:
C, 49.88; H, 3.80; Cl, 11.26; C-methyl, 0.0).
On treatment of IV with diazomethane, a methoxy-
dimethyl ester (V) was formed, m.p. 119.5-120.5°
(Anal. Caled. for CisHy,0,Cl: C, 53.86; H, 4.80;
Cl, 9.94; CH:O, 26.10. Found: C, 53.59; H,
5.08; Cl, 10.12; CH;0, 26.66). Compound V
was hydrolyzed to a methoxydiacid (VI), m.p.
210-217° (Anal. Caled. for CH130.Cl: C, 51.15;
H, 3.98; Cl, 10.79. Found: C, 50.82; H, 4.09;
Cl, 10.9) which was converted to a methoxy an-
hydride (VII), m.p. 242.5-243° (Anal. Caled. for
CiH1OsCl: C, 54.12; H, 3.57; C], 11.41. Found:
C, 54.16; H, 3.82; Cl, 11.56). The infrared
absorption spectrum of this latter compound had
bands typical of a glutaric anhydride. Com-
pounds IV-VII had ultraviolet and infrared absorp-
tion spectra characteristic of phthalides. Since
acid permanganate oxidation of IV gave tricar-
ballylic acid®® in good yield, it was postulated that
IV is B-(4-chloro-7-hydroxyphthalide-3)-glutaric
acid, corresponding to the 3-methyl compound?
obtained in similar fashion from chlorotetracycline™
thus indicating that the B rings of both compounds
must be the same. With the isolation of dimethyl-
amine, IIT and IV the 21 carbons and 2 nitrogens
in I were accounted for.

Proof that the D rings of I and of chlorotetra-
cycline were the same and also confirmation of the
tertiary nature of C.6 in I was obtained by a series
of reactions used in a degradation of chlorotetra-
cycline.*  Reduction of I with zinc dust and acetic
acid yielded a dedimethylaminodeoxy compound
(VIII), m.p. 212-217° (dec.) (dnal. Caled. for
CisHisO:NClL: C, 536.23; H, 3.97; N, 3.45; Cl
8.74. Found: C, 56.20; H, 3.66; N, 3.80; Cl,

(7) (a) C. W. Waller, B. L. Hutchings, R. W. Broschard, A. A,
Goldman, W. J. Stein, C. F. Wolf and J. H. Williams, ¢bid., 74, 4981
(1952). (b) J.H. Boothe, J. Morton, II, J. P. Petisi, R. G. Wilkinson,
and J. H. Williams, " Antibiotics Annual 1953-1954,” Welch and Marti-
Ibafiez, Medical Encyclopedia, Inc., New York, N. Y., p. 46.

(8) F.Korte, Angew, Chem., 68, 375 (1951).

(9) (a) C. W. Waller, B. L. Hutchings, C. F. Wolf, R. W. Broschard
A. A. Goldman and J. H. Williams, THIS JoURNAL, T4, 4978 (1952);

(b) B. L. Hutchings, C. W, Waller, S. Gordon, R. W. Broschard, C. F.
Wolf, A. A, Goldman and J. H, Williams, ¢b¢d., T4, 3710 (1952).



