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purilicdd by dizallaiion or evvsiallization.  Tu some coxes, e
crnde prodhieis were nsed.

1.1-Diaryl-2-propyny! N,N-Disubstituted Carbamates. -'T'he¢
following specifie exinnples vepresent the dhvee methods nsed Toy
making the carbamaces listedt o Table B Phey ove designaced o~
methods AL BLand €

Method A. 1-(4-Bromophenyl)-1-phenyl-2-propynyl Carba-
mate.- - A solution ol 57.4 g (0.2 wolet of F-(4-bromophenyl:-1-
phenyl-2-propyn--ob and 40 mlb of pyeidine in 200 wmb of CHLC,
was cooled to D and A1 g (0.2 moler of phenyt chlorotormare
wars addoed dropwise with stirring over 30 min. - Stivding and cool-
g were cootinted for 4 b, Fee water ¢2000 mb: and 300wl of
cther were added, and the organie laver was sepurated and washed
with excess 3¢, HCL =atmated NatlCOg, mud warter. Alier
deving (NSO, the sobidon was addaed dropwise 1o 400 ml of
Hounid N over o By-min peried. The vesnldng mixtme was
=stirred Tor 16 hre and washed with 53¢, NaOl <olition.,  After
dieving over Mgs0y, the solvent was removed and the residac
wis ervstatlized  from berzene-petrolemu ether (bp 35-60° 14
A white, evysalthine solid was obtained: vield 6.5 g €239} tsen
Table 1, 45).

Method B. 1-(4-Bromophenyl)-1-phenyl-2-propyny! 1-Pyr-
rolidinecarboxylate. The <nme procedure was n=ed ax above 1o
make the phenvl cbonnte intermediare on a 0.1 mole <enle.
The ¢rther CHaCL solntion of the internmedinoe was added 16 50
il of pyrrohidive i an equal volame of echer, and die mixtnree
was =tirred for 16 e at voom temperatare aed washed with
excess H0 HCEH dhen 5300 NaOH selatione Afcer drving, the
solvenc was removed at redneed pressave. The residue was
ervetatlized From herzene-peaolonn ether in oo vield of 200,
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Method €. 1,1-Diphenyl-2-propyny! N-Methylcarbamate. A
~obtioe of 1 mole of L-diphenyi-2-propyu-T-ol, (L25 mole of
merhyl =oevotate, wad g of tricthylencedinmine v 2m mb of
CHOL wos Tete for 4 dayvs at room temperatnree. Al of 1he Tow
bothig mdcrini were removed e vedneed pressuve aud the resi-
b was veesysinllized twiee Trom benzene petrolenm cther,
The prodier waos obnidaned ivea 3000 vield @Pable 150

I.1-Diphenylallyl N ,N-dimethylearbamate. A =ohnion  of
200 g of Fl-diphenviZ-propyoyh NoN-dimethylearbamate e
200 il of 411 berzene petrolenn ether éhp 85 100%7 was hydro-
actated ar 411 psi asing 110 @ of 500 Pd BasO,and (L5 ¢ of Kl
nenil boegniv o hvdrogen was 1aken npe The calyvst was
Hitered and the sobvera was removed a1 vedaced pressave. The
residne was ervstallizedd twice Trom petroleomn crher: vield 277,
“Toble 1, 82

tn o similor wavver, -od-chlorophenyl e F-pheny2-propy oyl
carhamate was hydrogensaud 1o 1-¢4-chlorophenyli-1-phenylallyl
carbamate {Tuable 1. 831,
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The reductive methylation ol T-nitro-G-demethyl-G-deoxytetmneyeline gives 7-dimethylunino-t-demethyl-t-

deoxytetracyeline (V).
derivatives,
staphvlococen 1= disenssed.

Nitration of G-dentethyl-6-deoxytetracycline (1) in
strong acid results in clectrophilic substitution at the
7 and 9 positions.'  Subsequent veactions of these
<ubstances to form amino, diazonium, aund further
transfornation products have been the subject of
previous papers from these and other laboratories.®

l11 the course of new investigations imto the cheniix-
try of these modified antibiotics i the hope of further
enlimneing the prouounced antibacterind nctivity pos-
sessed by several members of this series, or to find new
types of antibacterial activity (d.e., broadened spectrum
of netivity) we had ocension to examine the reductive
allylation of these substances,

Reducetive methylation of 7- or 9-nitro- (1T ov TIT)
or -amino-C-demethyvl-6-deoxytetraeyeline (IV or V)

(1 1 Veosi, Jo L Spencer, J. 1. fllavka, aod J. H. Vootbe, JJ. Med. I r.
Chew., B, 088 (10820 I 0. Keereboov, Jo T, Ursprong, {1, H. Renobard, and
O R Stepleeas, S Ane Chene, Soc., 82, 1003 (14960).

o2 1.1 Hlavka, AL Sebnellee, H. Krazeskt, and J. H. loothe, ihid., 84,
126 1960 I 1 Hlavka, . Krazinskd, and J. . Booibe, J. (g, Chen.,
27, 4671 (116217 9. L. Speneey, J. 1 Hlavka, J. Pedsi, 11, 3. Krazinskt
awd J. 1L Boothe, J. Yed, Chene., 6, 405 {1965 ). J. Hlavka arel 11, M.
Wraziuskt, J. Org. Chene, 28, 1422 (1063¢; € R Stepleens, J. ). Beerebooar,
1CH. Renadaced, 70N Gordon, K. ADewt, R I Klackwood, aed AL Selaed;
vae Wittenuo, . T, Clene, See., 88, D31 (1963«

Shmilarky, veduetive alkylation of other nitvo- or aminotetraeyelines forms rvelated
Au Jnoedeo spectinm of VT s presented and it imigue activity against tetvacyeline-resistant

i methoxyethanol nnder vestricted pH o conditions
nsing 109 palladinm-on-charcoal catalyst at atmos-
gave  7-ar

pherie  pressure, 9-dimethylamino-6-

I, R=R’'=R'"=H
II, R=NO,;; R'=R’*=H
III, R=R"=H; R'=NO;
IV, R=NH,; R'=R"=H
V, R=R“=H; R"'=NH,
VI, R=(CH:);N; R‘'=R"=H
VIl, R=R"=H; R'=(CH;):N —_
VIII, R=(CH;);N: R'=H, R”=CH2NJ
I1X, R=(C:H;s);N; R‘'=R""=H

demethyl-G-deoxytetracyeline (VI or VII) and their
4-epimers.  These compounds could be purified using
liquid-liquid  partition  chiromatography on neutral
(acid-washied) diatomaceous earth. The reaction was
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remarkably seunsitive to the amount of acid used. TLess
than 2 equiv of acid resulted in up to 309 epimer for-
mation,

Assignmient of the structures was established pri-
marily by the use of high-resolution mass spectrometry,
radiolabeling experiments, and X-ray crystallographic
structural analysis.  Other attempts such as nmr to
define the structure gave ambiguous results.

Nmr spectra of IV in CDCl; revealed a sharp singlet
at 7 7.58 corvesponding to the dimethylamino group.
However VI, in the N-niethyl region, showed a doublet.
One peak at 7 7.42 was approximately twice the peak
height of the other peak which was at 7.54 (return to
base line was not achieved obviating precise integra-
tion). Similar results were obtained with VII as solu-
tion in hexadeuteriodimethyl sulfoxide.

High-resolution mass spectrometry provided a more
definitive tool for assignment of the structures resulting
from the reductive alkylation. A value of m/e 457.1818
was found for VI (as the hydrochloride) as opposed to
a calculated value of 457.1849 for which only a molecu-
lar formula of CyH:7N3;0; was consistent. A similar
result was obtained for the 9-dimethylamino compound
VIIL.

Additional support for the structure of VI was fur-
nished through radiolabeling experiments. If the ve-
ductive alkylation were carried out on II using 2 equiv
of 1“(C-formaldehyde, the resultant product had a molar
specific activity of twice that of the starting formalde-
hyde, demonstrating the fact that two methyl groups
were incorporated into the molecule. As a final con-
firmation of structural assignment, a monohydrobro-
mide of VI was prepared and a erystal was subjected to
X-ray crystallographic analysis by Dr. J. Van den
Hende of these laboratories. The results show the
structure of VI to be as pictured and details of this
study will be published elsewhere.

Compound VII could be erystallized easily from
methanol but VI could be obtained only as a bright
vellow-orange solvated amorphous solid although a
erystalline monohydrochloride dihydrate could be made.
A crystalline 'Mannich” derivative of VI was prepared.
This pyrrolidinomethyl derivative VIII which analyzed
well for the assigned structure was prepared from VI
and molar quantities of formaldehyde and pyrrolidine
in methoxyethanol. Curiously VIII was quite water
insoluble and resistant to acid hydrolysis which is
contrary to the behavior of related substances of this
type, which find dosage advantage in their extreme
water solubility. This derivative was also very in-
soluble in almost all organic solvents as well.

Reductive alkylation with acetaldehyde instead of
formaldehyde gave7-diethylamino-6-demethyl-6-deoxy-
tetracycline (IX) which was also purified by liquid—
liquid partition chromatography on neutral (acid-
washed) diatomaccous earth,

The biological activity of VI, VIII, and IX is out-
standing and unique among the known tetracyclines.
Table I illustvates the n vitro spectrum of VI as com-
paved to tetracycline. It should be noted that against
tetracycline-sensitive organisms, 7-dimethylamino-6-de-
methyl-6-deoxytetracycline (VI) shows a somewhat
greater activity than tetracycline. However, the unique
difference is illustrated by the infinitely greater activity
against the tetracycline-resistant staphylococci.
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TaBLE
AcTIvITY OF TETRACYCLINE AND DERIVATIVES

Min inhib conen, g ml
Tetracycline
Organism HCI VI
Tetracycline sensitive
Bacillus cereus ATCC 10702

0.5 0.25
Bacillus subtilis ATCC 6633 1.0 0.25
Escherichia coli ATCC 9637 15.0 8.0
Mycobacterium ranae 2.0 0.5
Mycobacterium smegmatis ATCC 607 2.0 0.5
Proteus vulgaris ATCC 9484 15.0 2.0
Pseudomonas aeruginosa ATCC 10145 31.0 31.0
Salmonella galinarium Lederle 604 15.0 15.0
Streptococcus faecalis ATCC 8043 2.0 1.0
Streptococcus pyogenes C203 0.5 0.5
Staphylococcus aureus ATCC 6538P 2.0 1.0
Staphylococcus aureus strain Smith 1.0 0.5
Tetracycline resistant®
Staphylococcus aureus
strain Rose ATCC 14154 250 4
strain No. 3 250 8
5 250 4
9 >250 4
15 >250 8
20 >250 4
23 >250 8

@ These strains of 8. aureus are pathogenic clinical izolates
resistant to tetracycline and several other antibiotics. All of
these resistant strains are virulent for mice.

In addition, the development of resistance by re-
peated growth cycles in the presence of sublethal
amounts of VI of different strains of staphylococei
was markedly slower and to much less a degree than a
number of antibiotics including tetracycline. TFor ex-
ample, against 8. aureus strain Smith after seven serial
transfers, the minimum inhibitory concentration of VI
had increased by 64-fold (from 0.03 to 2.0 ug/ml),
while the corresponding concentrations of tetracycline
and novobiocin had increased by 1024- and 312-fold,
respectively. This low level of resistance to VI re-
mained stable for at least 25 transfers.

The #n vivo activity of VI closely parallels that of
the #n wvitro results, especially against the resistant
staphylococei and the mycobacteria. In addition, oral
dosage in animals produces higher blood levels than
does tetracyeline.?

The in vitro and in viwo activity of VIII and IX is
similar to but less than VI while VII is devoid of unique
antibacterial activity.

Experimental Section

Descending paper chromatography was determined on 16-hr
preequilibrated Whatman No. 1 paper buffered with phosphate—
citrate buffer pH 3.4 and run at 0° for about 3 hr in a system of
nitromethane~benzene-pyridine~-pH 3.4 buffer (40:20:6:6).
The spots were developed by dipping the dried sheet in an acidie
methanolic solution of magnesium acetate. Liquid-liquid
partition chromatography was carried out on neutral (acid-
washed) diatomaceous earth (Celite). Nmr spectra were de-
termined on a Varian Associates HR-60 or A-60 instrument using
tetramethylsilane as the internal standard. Analyses were
performed by Mr. L. Brancone and staff and by Schwarzkopf
Microanalytical Laboratory of Woodside, N. Y. Rotatious were
determined in 0.1 ¥ HClL. Mass spectra were determined oun an
M.S.-9 or a CEC-21-110 instrument.

(3) G. 8. Redin, 6th Interscience Conference on Antimicrobial Agents
and Chemotherapy, Oct 26-28, 1966, Philadelphia, Pa., paper 132.
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7-Dimethylamino-6-demethyl-6-deoxytetracycline.- A sohition
of 2.23 g of T-nitro-6-deoxy-6-demethyltetracyeline monosulfate,
Gl el 407, agueons formaldehyde, 110 b of reageni methoxy-
cethanol, So4 b of TV HaROy, and 0.4 @ of 104, Pd O eataly
wis redneed st atimospherie pressure and room temperaire.
Uptake was complete (425 mb) in 45 min.  The catalyst was
removed by fillration on a pad o dintomaceoas earth and
the filtrate was poured slowly to 3 L of dry ether. The pre-
cipitate was filtered off, washed well with dry ether, and dried
in g vacnnm desiceator; 2.41 g.

The material was converted to its nentrad fomn by dissolving
in absolnte methanol, adjusting the pll to an apparent reading
ol 5.0 with a solution of =odinm methoxide in absolhite methanol,
filtering off the Naa3Qs, and evaporating to dryness,

Lignid-lignid partition chromatography on nentral tacid-
washed) diatomaceous earth using a system heptane-ethyvl
acetate-methanol-water (50:50:15:6) gave (he product i
the second hold-back vohinne as a vellow-orange sinorphous solid:
lal®p — 166° (¢ 0.524); At "9 352 mp (log e 4.10), 2053 my
(log ¢ 4.23); ApnY M 380 mip (log e 4.30), 243 mp (log e 4,130,
Paper chromatography showed o spot representing the produc
at f0¢ 0.65 with the 4-epimer having an B¢ ol (.25 Fhuorescent
quantitndive seans of the paper strips revealed less than 57,
of epirer present.

dnal. Caled Tor CoulleNeO:: €, 6035 H, 505 N, 0.1
NClhlas CITO, 13150 moel wt, 4570 Found: €, 60.55; TI,
G4 N, 945 NCTE 1004, 10033, .92 mob wt (thermistors,
$X7. 4406,

The monohydrochloride dihvdrate conld be preparved in 9/,
vield by dissolving the neitral form in Tour times its weight of
water and adjusting the pll to 3.8 with concentrated hydrochlovie
aeid.

Jdnal. Caled for CyHaN3O:-HCEH 20 ¢ 520125 1L 6.0u:
N, 7.03: ClL 6.69; NCll;, 11.54: 110, 6.85; mol wt (base),

4571840, Fannd: €, a2.th: L G619 N, 7790 CLo6.72:
NCHy 9010 FhO, 6.50 (vpe), 6.47 (Loud): mol wi (imnss spec-
troscopy ), 457, 1818,
7-1*C-Dimethylamino-6-demethyl-6-deoxvtetracycline.-—A mix-
tire of 1.3025 g (2.5 mmoles) of T-nitro-6-demethyl-6-deoxytetra-
cyeline monositifate, 50 mt of methoxyvethanol, 250 mg of 107
palladinin on carbon, and 5 ml of 1.5 .V agueons sulfuric acid
solution was reduced at atmospheric pressure and room ftem-
perature.  Uptake was complete in 45 min (173 ml, theory 102
b, At this point two amponles centaining 5.48 mb each of
DC-formaldehyde solution [75 mg (2.5 mmoles) of tormaldehyde
in each vial containing 25 menries of activity for each] (New
Linghind Nuclear Corp. lot 212-200-3a, 5b) were added and
washed i with 15 mlt of methoxyethunol.  Reductiore was re-
sumed; another 74 ml of hydrogen was consnined i the next 2
hr.  The catalyst was filtered off on a pad of diatomaceons earth
and the pad was washed with 4 ml of methoxyethanol. The
filtrnte was slowly added to a solntion of 250 ml of ether and 750
ml of t-butyl aleohol.  The resnltant precipitate was filtered olf,
wished well with ether, and dried.  The sohd was dissolved in
o3 mlb of dry methanol and neutralized 10 pH 5.5 by the addition
of ca. 4.5 ml of 109 sodiumm methoxide in methanol.  After
Ftratior, the solution was evaporated to drymess.  The crade
metterial was chromatographed on a 100-g cohunn of diatoma-
ceons earth nsing n osvstem heptane-ethyl ace(ate-metbhanal-
water (70:30:15:4) and the bright vellow band was collected:
B3 g specific activity, 47 wenries/mg (average of twoi
ok specific activity, 20.4 menries/mmole.
2-Carboxamido-N-pyrrolidinomethyl-7-dimethylamino-6-de-
methyl-6-deoxytetracycline.~-To «a salution of 640 mg of 7-
dimethylamino-6-lemethyl-6-deoxyvtetracyeline disulfate in ¢ ml
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el methoxyethanol was added 92 mg of 4047, aqueons formalde-
hyvde in 0.5 mtb of methoxyethanol and 260 g of redistilled par-
rolidine in (L5 mlb of merthoxyethanol,  The hrown =olation wie
allowed 1o stiv at roon temperatnre for t hre dioing which time
vellow ervsaals appeared. The erystals wore filtered ot ad
washed with 2 ml of merhoxyethanol and then with 50 mlb of
dry ethee, The solid was dried in s voennm desicearor: weigh
Sinang. Paper chrematography showed a single spotat /e na,
A simmnple was allowed to stand overnight in 0.8 N HCHand papee
chromatograpby <howed abonr 5047 hvdrolvsix to <Girting meae-
rial.

Anal. Caled Tor CuslgNyOw O
Found: ¢, 62.36; T, 6.75; N, 1008

7-Diethylamino-6-demethyl-6-deoxytetracycline.—A =olition
ol 278 mg (0.5 mmole) of 7T-nitro-6-demethyvi-G-denxytet racy el
snlfate, 14 wml of reagent methoxyethanol, 1.05 ml of T\ TSSOy,
and (LS ml ol acetaldehyde was rednced with 30 mg of 10,
Pd-C as deseribed above.  The disnlfate salt which resubted was
dried, 2000 g, The 75 of the material was at, 0.72 and thar of
1= 4-epliner was at (131,

nalo Caled for CogHig NoO: - 21550, N,
Fonnd: N, 508 =, 0052,

The nentral form wax preparved ax deseribed above and <ub-
jected to hgnid-higid partitione chromatography on neatreal
crcid-washedy dntomaceons earth using n syvstem heptanc
cthyl aceaite-mechanob-water {T0:50: 15:6), the product appear-
g 1 the <ecoud hokl-back vohune; a2 —182° (¢ Da2s80:
AT e (dog e 4080 260 mp og e 4205 A
OSSO g dog e 4250 242 mp og e L5515 molecnbinr weight 485
{mass spectroscopy ) cealed 4857

9-Dimethylamino-6-demethyl-6-deoxytetracyeline.—A <ohition
ol 235 g (0.5 mmole) of 9-amino-6-demethyl-6-deoxyterra-
eveling monohydrochloride in 14 ml of methoxyethuanol, 077 ml
ol 4007 aqueons formaldehyde, 0.5 b of 2 N LSO, and 50 mg
ol 1000 Pd=-C was reduced as deseribed above.  The mixed <ah
=0 prepaved (8 gy was dissolved in 75 ml of methanol awed ad-
insted 10 an apparae ptf of 6.0 with @iethyvlamine.  Crystals
appeared, which atter several minntes were collected by filtvation,
washed with Nl of methanol, aud dried, 509 mg: 7¢5 0.45:
TP =210 (e 1535 0 A2 832 i dog e 4.16), 265 mu (log

62,20 DL,

H, 6.71 N,

G000 N, g

2 ALY AT i dog e 4300, 245 mu (tog e 4.8,
ol Caled Tor CutlaN0: 001000 C, 80,220 1L 6.0 N,
000 NCH,, 1250 Fonnd: ¢ 50000 P 617 N, (L35

NCHg T0.030 mol wi fmuss spectroscopy ), 457,
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