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composition of cyclopropyldiazomethane to ethyl
ene and acetylene can occur by requisite shifts of 
electrons and bond breaking. I t has not been 
established whether butadiene is formed directly 
in decomposition of the tosylhydrazone or by sub
sequent decomposition of cyclobutene. The ability 
of a cyclopropylcarbenyl system to undergo ring-
expansion is also illustrated in the base-catalyzed 
reaction of cyclopropyl methyl ketone tosylhydra
zone in diethyl Carbitol to give 1-methyl-1-cyclo
butene (92%); vinylcyclopropane (1%), isoprene 
(2%), methylacetylene (3%) and ethylene (3%) 
also were formed. 

Carbenoid decomposition of cyclobutanone tosyl
hydrazone4 in diethyl Carbitol or N-methylpyr-
rolidone is of significance in tha t ring-contraction 
(Equation 3) to give methylenecyclopropane (79, 
80%) occurs8; hydrogen-migration to yield cyclo
butene (18, 20%) and formation of 1,3-butadiene 
(2, 1%) are minor reactions. These results are 
to be contrasted with tha t from cyclopentanone 
tosylhydrazone4 in which cyclopentene (94%) is 
the major product. 
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We wish to acknowledge the assistance of Dr. 
R. R. Hopkins, Whiting Research Laboratories, 
S tandard Oil Company (Ind.). 

(8) The yields of the principal carbenic products from cyclopropane* 
carboxaldehyde and cyclobutanone tosylhydrazones as reported in 
Abstracts of Papers, 136th Meeting of the American Chemical So
ciety, Atlantic City, N. J., 1959, p. 4, are in error and should be re
versed. 
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FURTHER 6-DEOXYTETRACYCLINE STUDIES: 
EFFECT OF AROMATIC SUBSTITUENTS ON 

BIOLOGICAL ACTIVITY 
Sir: 

The stability of 6-deoxytetracyclines1 to acid 
has made feasible, for the first time, chemical 
substitution of the phenolic D-ring in the tetra
cycline series. Interesting structure-activity re
lationships have been observed with the derivatives 
thus obtained. 

e-Demethyl-S-deoxytetracycline1 [I, m.p. of the 
hydrochloride, 224-225°, d e c ; [a] 26D (C = 1 in 
0.0IiV HCl) - 1 0 2 ° ; Anal. Found for C21H22N2O7-
H C l : C, 55.64; H, 5.35; N, 6.35; Cl, 7.79] was 

(1) C. R. Stephens, K. Murai, H. H. Rennhard, L. H. Conoverand 
K. J. Brunings, T H I S JOOHNAL, 80, 5324 (1958). 
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I, Ri = R2 = R3 = R4 = H 
II, R2 = Br, Ri = R3 = R4 = H 
III, Ri = NO 2, R 2 = Br, R 3 = R 4 = H 
IV, R2 = NO2, Ri = R3 = R4 = H 
V, Ri = NO2, R2 = R3 = R4 = H 
VI, Ri = NH2, R2 = R3 = R4 = H 
VII, R2 = NH2, R2 = R3 = R4 = H 
VIII, Ri = NO2, R3 = CH3, R2 = H, R4 . OH 

chosen for initial studies in this area. Compound I 
shows in vitro antibacterial activity2 (Table I) es
sentially equivalent to tha t of tetracycline. Bromin-
ation of I (bromine in trifluoroacetic acid) results 
in the substance IX. 

NMe2-HBr 
OH 

CONH2 

[Kill 5.72^; Anal. Found for C21H20N2O7Br2-HBr: 
N, 4.15; Br, 38.0] which on heating in the re
action solution is converted to 7-bromo-6-deoxy-6-
demethyltetracycline [II, m.p. of the hydrobromide ; 

241-243°, dec.: \^03'OMN HC1) 268 my, log e 4.30 
345 nut, log e 4.12; 365 ran, log e 4.12 
X(MeOH-0.01JV NaOH) g 4 3 ITl1X, l o g 6 4 . 2 3 I 3 8 2 TCi1X, 

log 4.10. Anal. Found for C21H21N2O7Br-HBr-H2O 
C, 42.59; H, 4.21; N, 4.90; Br, 27.10] a compound 
with somewhat enhanced in vitro antimicrobial 
activity. Nitrat ion of I I (70% HN0 3-concd. 
H2SO4) yields 7-bromo-9-nitro-6-demethyl-6-deoxy-
tetracycline3 [III, X^.OH-O.OW BOD 2 63 my, 370 
m f t X^ O H - ° - 0 W Na0H) 239 mix, 285 my., 446 my] 
which is relatively inactive.2 

Direct nitration4 of I (70% HN03-concd. H2SO4) 
results in a mixture from which a 7-nitro compound* 
[IV, m.p. 218°, d e c , X£« 6.54, 7.46 ix; 
X(MeOH-o.ow HOD 2 63 m/x, log e 4.30; 354 mix, log e 
4.11; \Zlou'°-01N Na0H) 243 m/x, log t 4.17; 255 
m/x, log e 4.16; 280 ma, log e 4.07; 385 m/x, log 
t 4.17; Anal. Found for C21H21N309-HC1-2H20 
C, 47.27; H, 5.00; N, 7.80] and a 9-nitro com
pound3 [V, m.p. 215°, d e c , X ^ 6.62, 7.42 y 
X<M=OH-O.OUV HOI) 263 mix, log € 4.42; 360 my, log 
e 4.26; X«fH"°-01iV Na0H) 242 my, log e 4.30 
283 ITUi, log e 4.16; 352 my, log e 4.02; 424 my, log 
e 4.05; Anal. Found for C21H21N8O9-HCl-2H2O 
C, 47.63; H, 4.60; N, 7.96] have been isolated 

(2) Activity comparisons herein are based on the standard oxytetra-
cycline biological assay (cf. R. C. Kersey, J. Am. Pharm. Assoc, 39 
252 (1950), against Klebsiella pneumoniae. The same relationships do 
not necessarily hold with other microdrganisms. 

(3) Structural assignments rest on interpretation of absorption 
spectra, polarographic studies, oxidative degradation, etc. The 9-
nitro tetracyclines show characteristic ultraviolet absorption at unusu
ally long wave length in alkaline solution-—a phenomenon which 
greatly facilitates their identification. We wish to express our grati
tude to L. L. Ciaccio and associates foi the polarographic investiga
tion. 

(4) A preliminary report on a similar nitration has appeared in the 
patent literature without structural assignment of the products (cf, 
South African Patent Application No. 1415/69). 
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The 7-nitro compound, IV, is an exceedingly active 
substance (Table I) , showing in vitro activity at 
least four times tha t of I against the- assay organ
ism.2 The 9-nitro isomer, V, on the contrary, 
shows only a fraction of the activity2 of I. Cata
lytic hydrogenation of the two nitro isomers yields 
the corresponding amino compounds (VI and VII) , 
which exhibit in vitro activity quite comparable to 
each other and to I. 

Compound 

i 
I i 

in 
IV 
V 

VI 
VII 

VIII 

TABLE I 
Biological 

pneumoniae 
assay versus Klebsiella 
in oxytetracycline units 

per mg.2 

900 
1300 

25 
4600 

200 
700 
975 

<10 

Nitration of G-deoxy-S-oxytetracycline1 vields 
the 9-nitro compound3 [VIII, X^f5I"001-V nc1) 263 
m/i, 358 mu; \™?H~<IG1A' Na0n ) 241 m«, 280 m/i, 
352 mu, 420 m/x] which like I I I and V is relatively 
inactive.2 

These data suggest tha t the phenolic hydroxyl 
group in the tetracycline molecule plays an es
sential role in the microbial inhibition process 
which is inhibited by hydrogen bonding with an 
ortho nitro substi tuent. 

JOHN J. BEEREBOOM 
RESEARCH LABORATORIES JOSEPH J. URSPRUNG 
CHAS. PFIZER AND CO., INC. HANS H. RENNHARD 
GROTON, CONNECTICUT CHARLES R. STEPHENS 
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CONVERSION OF ALKYLMERCURIC SALTS TO 
DIALKYLMERCURY COMPOUNDS WITH RETENTION 

OF CONFIGURATION IN BOTH ALKYL GROUPS1 

Sir: 

This report concerns the finding tha t stereo-
isomeric alkylmercuric salts are reduced stereo-
specifically by magnesium to give dialkylmercury 
compounds with retention (85-97%) of configura
tion (1). The mechanism of the reaction has been 
investigated. 

R*HgBr + Mg >• R*-Hg-R* 4- MgBr2 -f- Hg (1) 

The reduction has been carried out with cis- and 
trans - 4 - methylcyelohexylmercuric bromides2 to 
yield di-4-methylcyclohexylmercury with, respec
tively, 8 9 % retention of configuration (96% yield) 
and 9 7 % retention of configuration (93% yield). 
The reaction with L-( — j-see-butylmercuric bro
mide3 '4 gives di-L-( —)-sec-butylmercury with 8 9 -
9 3 % retention of configuration (yields to 98%). 
In a typical experiment, L-( — ) rsec-butylmercuric 
bromide, [a] 25D —5.05°, gave di-L-( —)-sec-butyl-

(1) Acknowledgment is made to the donors of the Petroleum Re
search Fund, administered by the American Chemical Society, for sup
port of this research. 

(2) F. R. Jensen and L. H. Gale, T H I S JOURNAL, 81, 1201; 83, 
143 (1960). 

(3) H. B. Charman, E. U. Hughes and C. K. Ingold, Chan, andlnd., 
Ml 7 (10.38). 

(4) .'•". R. Jensen, L. 1). Whipple, 11. K. VVedegaerlner and J. A. 
I.amiKreije, Tins J.H'KXAL, 81, I)JYl i ISMHJ. 

mercury, [a] 2SD —7.57°, which upon cleavage 
with mercuric bromide (equation 2) gave i. 

R.,*Hg + HgBr. > 2R*IIgBr ('Ji 

( — )-,«'C-butyimercurie bromide, [a] 2:,D — -].(>()°. 
Although evidence has been given previously which 
indicates tha t reaction (2) occurs with retention of 
configuration,4-'r' the results of cleaving the above 
compounds provide additional proof of the cor
rectness of the assigned stereochemical course. 

In previous related work, ct-bromomercuricam-
phor and /-menthy! a-bromomercuriphenylacetate 
were converted stereospecifically to the correspond
ing optically active dialkylmercury compounds by 
the addition of certain complexing agents.6 '7 For 
these compounds reaction (2) is reversible and the 
complexing agent acts on the mercuric bromide. 
No example of the reversal of reaction (2) where 
R- is a simple alkyl group has been reported. 

Evidence relating to the mechanism of reaction 
(1) is given: (a) when the reaction is conducted 
in a carbon dioxide atmosphere or in the presence 
of 1-butanol no carboxylic acid or hydrocarbon is 
produced; (b) the reaction may be carried out in 
the presence of styrene and the styrene may be 
recovered unchanged from the reaction mixture; 
(c) the reactions with cis- and /raws-2-methoxy-
cyclohexylmercr.ric bromide yield only cyclo-
hexene and no dialkylmercury compound; and 
(d) the stereochemical course is retention of config
uration. The above evidence eliminates possible 
intervention of R - , RMgBr, and R- as reaction 
intermediates. The simplest intermediate which 
would lead to olefin in a compound containing an 
adjacent methoxyl group (item c) is R H g - . 

The mechanism proposed to account for the re
sults is given below; however, possible interven
tion of RHg in a chain reaction is not rigorously 
excluded. In order to give retention of configura-
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tion, the alkyl group in the organomercurous com
pound8 must migrate with retention of configura
tion. 

The reverse of reactions (6) and (5) represent 
an at tract ive mechanism for the exchange of Hg2''3 

with organomercurials, which is known to proceed 
with retention of configuration.9 Other reactions 
which might involve intermediates having H g - H g 
bonds and involve alkyl migrations on mercury, 
analogous to reaction 5, are the cleavage of di

es) H. B. Charman. E. D. Hughes and C. K. Ingold, J. Chem. StK., 
2530 (1959). 

(6) O. A. Reutov and L. Tszin.Chzhu, Doklady Akad. Nauk S S.S.Ti. 
(English translation), 110, 593 (1950) 

(7) O. A. Reutov, I. P. Belet.-ikuya and E. E. Mardaleishvili, ibid., 
116, 901 (1957). 

(8) J. Sand, Ber., 31, 2913 (1901). 
(9) O. A. Reutov, P. Knoll and Yan-Tsei U, Doklady Akad. Nank 

S.S.S.R., 120, 1052 (1958) (C. A., 52, 20003 (1958)); O. A. Reutov, 
Itvesl. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 684 (1959) (C. A., 52, 
20004 (1958)). 


