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acid analogs were dissolved in sterile water and added aseptically
to the previously autoclaved assay tubes. In all assays the
amount of growth was determined photometrically at 625 mgu
with a Bausch and Lomb Spectronic 20 spectrophotometer, in
terms of absorbance readings of the turbid culture medium against
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a blauk of uninoculated medium set a sevo absorbance. For E.
coli the data in Table I are recorded as absorbance readings which
are related to the milligrams of dry cells calculated from a stand-
ard curve of milligrams of dry cells per milliliter vs. absorbance
readings.

Lincomycin. VI.

4’-Alkyl Analogs of Lincomycin.

Relationship between Structure and Antibacterial Activity!
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The partial synthesis of a series of 47-alkyl avalogs of lincomydn and 1’-denethyl-1"-ethyllincomyem ix re-
ported. The in vitro antibacterial activity of some of these componnds was three to fonr times that of lincomycin.
Replacement of the 7-hvdroxy! group of these compounds by chlorine further enhanced the antibacterial activity.
Relationships are drawn between structure aud in vitro aud in vivo antibacterial activity.

Lincomyein, a water-soluble antibiotie,? is orally ef-
fective in man for the treatment of diseases caused by
gram-positive organisms.? The elucidation of the
structure of lincomycin (1) showed that it was not
chemically related to any of the major autibiotics.*

Lincomyein may be cleaved into an amino acid frag-
ment, trans-l-methyl-4-n-propyl-L-proline (2) and an
amino sugar, methyl thiolincosaminide (3). These
fragments may be recombined to yield lincomycin by
employing one of the standard methods for amide for-

mation.* The unique chemical stability of lincomycin
CHs CH,
CH; HO
CSH7-1L . llI H‘ZN
; CONH -
< (CoHrn, + HO,o
COOH OH
SMe
SMe OH
OH
1 2 3

and the cleavage-recombination sequence established
the antibiotic as a highly desirable substrate in which
to study the effect of chemical modification on antibac-
terial activity. The synthesis and antibacterial proper-
ties of lincomycin analogs having various alkyl groups
at N-1" and C-4', and in some cases having the 7-hy-
droxyl replaced by chlorine, are now described.

The method for preparation of 4'-alkyl analogs of
lincomyein was a modification of the previously de-

(1) A portion of this work was reported earlier, Abstracts of Papers, Vth
Interscience Conference on Antimicrobial Agents and Chemotherapy and
IVth International Congress of Cliemotlerapy, Wasliington, D. C., Oct 17—
21,1965, p 17.

(2) (a) D. J. Mason, A. Dietz, and C. Del3oer in **
and Cliemotlierapy—1962," J. C. Sylvester, Ed., American Socjety for
Mierobiology, Ann Arbor, Micli., 1963, p 534; (b) R. R. Herr and M. E.
Bergy, ihid., p 560; (¢) C. Lewis, H. W. Clapp, and J. E. Grady. ibid., p 570.
Lincoein® is lincomyein liydroclldoride.

13) (a) W. J. Holloway, R. H. Kahlbaugh, and E. G. Scott in “Anti-
microbial Agents and Chemotherapy-—1963,"” J. C. Sylvester, Ed., American
Society for Microbiology. Ann Arbor, Mich., 1964, p 200; (b) J. Harnecker,
J. Contreras, BB, Gilabert, and V. Ubilla, tbid., p 204: (¢) E. W. Walters, M. J.
Romansky, amul A, C. Johnson, sb6l, p 210; (d) J. C. Trakas and 1. E, Lind,
ibol., p 216.

(4) H. Hoeksema, I). Bannister, R. D. Birkenmeyer, . Kagan, 1. J.
Magerlein, I'. A. MackKellar, W, Scliroeder. G. Slownp, and R. R. Herr, J.
Am. Chem. Snc., 86, 4223 (1964).

(8) W. Scliroeder, B, Bannister, and H, Hoekseina, ibid.,
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in press.

scribed partial synthesis of lincomycin® The syn-
thetic scheme is outlined in Chart I. 1-Carbobenz-
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in press,
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oxy-t-keto-L-proline (1) wax treated with the appro-
printe Wittlg reagents” in dimethyl sulfoxide solution
to form 1-carbobenzoxy-4-ulkylidence-r-prolines.  The
acids nsually faded to erystallize, but formed crystal-
line dievelohexylamine =alts (5).  The free acids were
regenerated from the =alts and hydrogenated over a
platimmu-Dowex 1 eataly=tS to afford oily =aturated
acids 6. The acids 6 were obtained ax a mixture of
i=omers at C-4. Separation of thix mixture by thin
layer chrommtography wuas unsuccessful, the entire
mixture being used in the subsequent step. The acids
6 were condensed with methyl thiolincosmmninide (3) by
the mixed anhydride procedure affording amides 7 in
high vield.  The earbobenzoxy group of 7 wax readily
removed by hydrogenolysis to vield methyl N-(4-n-
alkyl-v-prolyl)-a-thiolincosmminides isolated ax  their
crystalline hydrochlorides 8. Both 7 aud 8 were iso-
lnted as els—rans mixtures at C-4° since experience
showed that separation of isomers was more readily
accomplizhied after introduction of an alkyl substituent
o1 the amino acid nitrogen. Reduetive methylation of
8 followed by caretul column chromatography over
silica gel Ted to the solation of the drans and ris sonwers
which were characterized as their eryvstathine hydro-
chlorides (9).  The assignment of the configuration as
frans ov ¢is was made on the baxis of the relative mo-
bility of the isomers on thin layer chromatography.
Lincomyein (Grans) has a greater By on tle thun does
its 17y isomert  Thercfore, the frans configuration wias
assigned to that isonier of the pair showing the greater
mobility on tle.  These derived antibiotiex! were
isolated as variable hydrates depending on the condi-
tions of drymyg,  Most analytical data for these com-
poundsx wax obtained using samples dried under high
vicuu at ambient temperature.  The elemental analy-
ses were corrected for the water found to be present.
The experimentil =ection coutains the details for the
preparation of frans and ris nrethyl N-(1'-methyl-4'-
n-butyl-t-prolylh)-e-thiolincoraminide (9, R = C,Hy)
and  frans and s methyl N-(l-cethyl-d-p-hutyl-1-
prolyl)-e-thiolincosnminide (10, R = »-C,Hy).  Data
for the other 4/-alkyl analogs of hucomyein and their in-
termedintes are found in Tuables |-V,

The remarkable potentinting ctfect on the antibae-
teviad activity of lincomyein observed when the 7-hy-
droxyl group is replaced by chlorine!! caused ux to in-
trodiee chlorine into a number of derived linconiycins.
The 7-deoxy-7(S)-chloro analogs (11) which were pre-
pared and obtained unalytically pure are tabulated in
Table VI, Due to the limited supply of substrate avail-
able, analytical data tor =several chloro analogs were not
obtained, though in eacli caxe only a single <pot was
detected on tle.

Antibacterial Activity. —DPrchiminary in eitro and i
siea antibacterinl assays of the Hncomycein analogs are
Tound m Table VII.  The activides of the unalogs are
expressed relative to lincomyein taken as unity.  The
Rheppard, Nrture, 194, 814

75 M. Dethell, G, W, Keuver, wud IR,

118625,

(8 (a) o MeQulling W. O, Ovd, and . L. Simpson, J. Chen. Sor., 3996
(1U153). (L) See ref 6 for a distussion ot the use of this calalvst,

12 Thin layer ehromatngrapby of the vrude atkylation suixture usually
wdieated an isomene ratio of about 1-4 in favor of the unnacural /5 isvmer.

(10} V. Bryson v “Survey of Biological Progress,” Vol IV, k. Glass, 15d.,
Aeadermie Press lIne., New York, N. Y., 1982, p 374, suggests the terin
Sdecived anlilsoties” for hiosynrlielies retated to antibioties.

111 U, b Bickeuwmeyer, ref 1.
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incoeirg assay was the standard enrve agar diffusion
assay for lincomyein nsing the test organsin S, {nfea.?
Fhe in riva antibacterial activity was measured in the
OL=e protectini assay against Slaphylococens yireins. ™
The rompoals were mluinistered nradly.

The standard enrve assays for the A -allyl analogs of
lincomyein indieate that the fans omers <how i <igniti-
calit lnerease i activity over incomyein, i@ maximum
of almost four times the antibacterial activity of linco-
myein being realized before the eut-off point ix reached
at C-6. X =imilar effect was found for the vis isamers,
which are consistently ahaut one-halt ax active as the
bais 1R0Mers.

The mercased Iipophilicity of these compounds dne to
the inereased =ize of the 4%-alkyl substituent likely per-
mits irrcased penctration of the molecule to the <ite of
action.

A similar =ituation ix fornd in the N-cthyl series,
Agaiu the /v eifpo axsays lnerease with lengthening of
the 4/-xubstituent, s maximum being reached at C-5,

The in e assaysalzo mdicate enhanced antibacterial
activity  for the +4'-substituted huocomyein analogs.
though the inerease is not ax noteworthy as found i the
[ rilio assays,

The antibacterial =pectrnm was not changed as the
homologons series wix ascended.  However, the -
log= contuaining an N-cthyl substituent showed signili-
cantly greater aetivity agninst gram-negative orgin-
181115,

While the mitial nienmbers of the N-demethyllinoe-
myeln =eries (8) possessed vnly <light antibacterial
activity, activity gradually mereased with inereased
lipid =olubility. The N-demethylincomyeims were chan-
acterized by aseveral fold greater activity against strep-
toeneel organismx than wotlld he predicted from their
standard enrve assays,

The replacement of the 7-hydroxy group in -4'-sub-
stituted analogs of lincomyein by chlorine consistently
raised the antibacterial activity, both i it and in
el

From the Toregoing, we note that the deseribed varia-
tions in the lincomyein molecule at C-4. N-17, and (-7
lead to derived antibloties poxsessing greater antibae-
tertal activity than Hneomyein.  Moreover, in the casce
of the 7-deoxy-7(S)-chloro-4"-alkyl malogs. the potenti-
ating affects of the 7(8)-chloro group and the 4'-alkyl
are roughly additive,

Experimental Section

Melting poinds were deternined onca Thonas=Hoover vapilliaey
melting puine apparatus nsing a thermometer valibrated for <iem
exposnre.  Optieal rotoions were measared e the solvem noted
(¢ ~11  Thin layver chromalograms 11le were b on 2.5 X 7.5
e mivrosides coated with Brinkmao sihea gel GFay nsing a
solvenl mixture of ¢hyl acetate—ncetone-water (8:5:1)  Duo-
tertion was effected by spraying with Lemienx Reagent.’»

1-Carbobenzoxy-4-ii-butylidene-v-proline Dicyclohexylamine
Salt (5, R = C;H;).-—Sodium hydride (19 g of 339 suspension in
nineral oil) was added (0 350 mlof dimethy! sulfoxide (DNMSO)
and the mixture was stirreil and heated at 70 == 3° until the
hydride had reacted. The =olnticnn was cuoled to 32° and 162 g
of n-butvltriphenylphosphonium bromide was added. The re-
sulting reaciion mixture was stirred for 1 hr. A solntion of 26 g

12¢ LT, ook, 1010 Muson, M. R. Darelis and RoW, Treiek, vef 2o,
1 DG,
O30 1L UL Leoonx add 11010 Liacer, Lwd e, 26, 9201450,
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TasLe I
1-CARBOBENZOXY-4-ALKYLIDENE-L-PROLINE DICYCLOHEXYLAMINE SaLTs (5)
lelb
Yield, (CHCI), C, % - H, V- m—— — =N, G —
R e Mp, °C deg "orinula Caled Found Caled ound Caled Found
n-C;liq 46.8 142-144 —4 Ca2aHuaN204 71.86 71.69 9.15 9.30 5.78 53.74
n-CsHy 49.5 124-128 —6 CaHyeN:0,y 72,25 72.38 9.30 9.52 5.62 H.97
n-C:Hy 38.0 109-111 -7 CyHasN2O4 72.62 72.70 0.44 9.43 H.46 0.71
n-C:Hy; 43.4 113-118 —11 CusHuN:O,y 73.29 73.32 9.6Y 10.086 5.18 3.28
n-Ci:1s; 51.0 106-110 -7 CyuHwN:O, 75.83 75.85 10.66 10.85 4.11 4.05
TaBLE I1
METHYL N-(1'-CARBOBENZOXY-4'-n-ALKYL-L-PROLYL)THIOLINCOS AMINIDES (7)
alD
Yield, (C}IIBIOHJ‘ C. % H. % ~———N, Y— &, G
R 74 Mp, °C deg Formula Caled Found Caled Found Caled Found Caled Found
n-CyH, 72,0 197.5-200 4110 CieHioN2OsS 537.75 57.58 7.46 7.16 5.18 5.50 5.93 6.01
n-Cs;Hu 81.1 191-193 4108 CrHuNLOsS 58.46 58.32 7.63 7.52 53.05 4.95
n-CeHuy 91.0 176-180 +103 CxHuN,OgS 59.13 59.16 7.80 7.46 4.93 5.09 H.64 5.96
n-CsH: 89 .2 181-202 +99 CyHiN2OsS 60.38 600.35 8.11 8.08 4.70 4.73
n-CysH 49.9 137-141 +72 CiwHesNeOsS 65.18 65.23 9.30 9.46 3.80 3.90 4.35 4.18
TaBLg III
METHYL N-(4-n-ALKYL-L-PROLYL)THIOLINCOS AMINIDE HYDROCHLORIDES (8)
[a]p H:0,
Yield, {H0), C % H, % —N, Yo —B Y %
R % Mp, °C deg Forinula Caled Found Caled Found Caled Found Caled Yound Yound
H 70.6  273-280 CiH2sN:2068-HCP 43,46  43.33 7.04  6.72 7.24 6.98
n-CiHu 73.0 197-199 de¢  +150 CupHyuN,OsS-HCle 48 8) 48.58 7.96  8.19 6.32 6.04 7.24 7.36 A.54
n-C;Hy  69.7 212-214 dee  +141 CiHaeN:068-HCle 49,03 50,22 8.16 7.96 6.13 6.09 7.02 718 5.43
n-CeHiz  98.0 210-212 dec 4134 CaHuN:063-HCP 50,99 50.81 8.35 8.75 5.95 5.80 6.81 6.65
n-CeHi:  93.1 181-200 dec  +128 CuHpN2O8-HCP 32,94 52.62 8.68 8.36 5.61 5.61 6.43 6.36
n-CiHly;  54.0 165-175dec  +127 CpHalNO8-HCPP 60.11  60.35 0.93 10.03 4.38 4.60 5.02 4.98
¢ Dried at 26° under vacuum, analyses corrected for water content. ? Dried at 80° under vacuuni.
TaBLe IV
MEeTHYL N-(1-METHYL-4'-n-ALKYL-L-PROLYL)THIOLINCOS AMINIDE HYDROCHLORIDES (9)
[efv H-0,
Yield, (H:0). ——C, Bp——— ——H., % —N, G ——8, % o
R G My, °C deg Formula Caled  Found Caled Found Caled Found Caled Found Found
1 7 262-264 +160  CuilluNO8-HCl 44,93 4477 7.29 6.99 6.99 7.00 .25
n-CHy trans 300 161-168 dee  +138  CisHueN.0eS-HCl 49,93 50.32¢ 8,16 7.98« 6.13 6.20 7.02 6.67 4.07
18 300 194-198 dec  +132 49.82 8.20 6.05 6.65 4.34
n-C;Hy trans 21 188-191 dec  +133 CyHuNOS-HCL 50,99 50.66 8.35 8.60 5.95 5.96 2.78
cis 44 BIVRE 8.27 5.78 4.32
n-CeHys trans 17 115-117 dec  +125 CyHyNyOS-HCE 531,99 51.67 8.52 §.75¢ 5.78 53.71 6.61 6.46 5.62
cis 13 141-144 dec +121 H1.82¢ 8.80 5.72 6.35 3.79
n-CgH” trans 110-114 dec e CstuNzOGS'HCl - N 5.46  5.40 6.25 6.29 H.74
cis 118-122 dec  +123 533.83 53.64 8.84¢ 9.01 5.37 5.99  5.42
e Sample dried at 100° under vacuum. ? Yield taken from a scale up of the experiment described.
TaBLE V
MeETHYL N-(1/-ErHYL~-4'-n- A\LKYL-L-VROLYL)THIOLINCO8 AMINIDE HyprocHLoribes (10)
lalv H.0,
Yield, 111,0), —C, Y% ——H, Y%—m X, G 8, Y e
R Y% Mp., °C deg Formula Caled FFound Caled  Tound Caled Found Caled T'ound YFound
T 24 210-213 4161 Cyely,Na068-HCE 46,13 46.32 7.53  7.18 6.75 6.67
n-CyHy trans 16 148-151 4134 CyHpNoOS-HCI  50.99  51.33 3.35 8.68 5.95 5.81 6.81 6.57 4.08
cls 14 134-138 +130 50.94 8.54 5.98 6.50  3.30
n-CyH 0 trans 7 130138 +128 CyHeN:Oe3-HCl  5H1.99 51.65 8.32 8.61 5.78 ... 5.40
cls 13 150157 <4121 51.51 8.64 6.03 A o 0.89
n-Ce¢Hy; trans 8  125-128 4128 C»HpN:0S-HCl 52.94 53.28 8.68 &8.90 5.61 5.61 6.43 6.31 5.88
cis 4 93-106
cis a +91 CuHN:OS-HCI  54.68 354.30 8.99 8.91 5.32 5.22 6.03 5.40 1.76
n-CigHaq trans 135-133 CuHeN2OS-HCI 61,18 61.63 10.12 10.39

» Nonerystalline.
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METHYL N/ TaA LR Y Lo == ALY L mPROLY L= T-DEO XY =Tt = CHLOROTHTOLINCOS AMINT DL 1]+

Yield, (G
K It [ Tormmnl 1'alel Fostnd  Culed
Cull, frans Cly 2] CraCBNGO=S 45 65 45,20 721
Cillgoers CH; 40 o BgCLNGO) S Tle oudy?
trans  Clly o 30 CudBgCLNLQS Tle vudy”
Cglly ers Clhy 12 CalluCRNLON Tle only
lrans  Clly 20 CadlCENGOR 47,33 46,75 704
Cyllsfrans Gally 220 CrTCLNGOLS 47 00 480200 703
Cally s Cab Coel I CLNLOS 4007 a8 0t 782
{ranx (,‘3”;, 'l ("_‘n”x\(‘l:x.:“;‘-\‘ 1407 M08 TN
(il ers Cull, a0 CaluCLNGOR Tl ondy®
{rans Call, N Co L CLEN LGOS The oyt
Celbya trans Coll, 22 CulLeCLNLON 5105 H0.85 SN

11,
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11 o, it
“ N = R " Lo,
Ioond  Laded Toouel  Caled Found  Cutesd Tosonl  Teoael o
G062 6.1 5005 70N T 15085 Ih s T RN
NLOO 50520 5 0 GLs2 626 50T 18 BN 4+ 125
T8N 607 674 648 140 1505 4007 10
7.9 L T S (U R M I S ) I B S P TN - 410G
S0 ool GO0 G0k T A9 15 000 5 02
T200 500 AT G2 6L7Y 13T sy BN 124

“These componnds were highly <olvied avd iaclied Trona $25 1557,
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ANTIBACTERIAL ACTIVITIES OF LL\(‘lL\l YCIN ANALOGR
Mouse

protection assay

Sl cirve assay ex. N, Do

No. R cxe N Ddedt {Ovalt
9 1l 0.1125

n=Cull, (raps 1.3 1. 0N
w-Cbls Lrans 1.0 1 00
=yl by Lrans 21 1.20
n=Cilh trans BRI 1,30
n=-CeIly s 56
n=-C:H 0 brams 1.0 1.0t
1-Csllys traps {1 0,30
n=-Calls eis 0.5
n=-Cy s 1.3
n=Colly s | s
II,-(,Tsl lm s 21
1-Cs e vrs 1
n-Cullys s 0.6

10 11 0.1
n=Cid Vi ros 10 100
n-Cyl b frans 1.2 153
n-Colly lrans 3. 0.8
1=Clal b Lruaes 2.0 .00
1=Col oz (rans 0.4 .32
1=-Cols i (12
TR O § TN .7
1n-Clhy s 1.2
n-Cloll vis 1.2
1-Cillys s 1)

8 1l 1125
w-Calls vers=trans) 1AL
1=-Cubl Grs -{rans s IR
n=-Colh Gois-Drans 01
=-Cally (eis-lrans; (.53
n-CsHhy teis—-transy? 0.47
w=-Cal by teis—trans) (. (i
n=-Citly: (ers={rns} <.

R R’

11 Cadl Clh frans I 0,58
w-Culle Gl frons 57 1,84
n-Cubbe Clly frans 5.6 1.40
n=-C:lby Gy trans a0 1.88
n=Cylls Culls trans 2.0 1.40
n=Cyiby Gl frons 2 100
n=Cilly Cobls lrans 4.1
n-Cyllec Gl frons 1.( 1. 60

* Lincomyeis = 1, % Lineowyvein = 1.+ The anthors are -

debterl 16 Dr. A, Argowlelis for the nxe of these data. ! The
anthors are indebted 10 Pr. B Banndster for the use of these s,

" O spol onc e nsing CHOCL MeO G 1

ol T-carbevzoxy-4-keti-r-praline 1459 e 100 ml of DASO was
adiled, and the reaction mixtive was heated at 70° for 4 h.
The reaction mixture was cooled 10 25° and 1 1. of 2,577 KITCO),
solntiay; was added.  Thiz mixtore was extracted iwice with 700-
wl portivs of ether which in tirn were back extracted with 2,57
KHCO; =olntion.  The combined aqueons extract was acidified
CHCH and extracted with fonr 300-ml portons of ether. The
vombined ether exlract was wiashed =snccesstvely with 250 ml of
water, three 200-ml partions of satorated NallROy <olntion, sood
250 ml of water. After diving (NaS0y), the solvent wis 1e-
moveal under vacnam leaving an oily residne of 24 g0 This uil
wis dissolved v 31 nd of acctonitrile and 18 ml of dievelohexyl-
amine,  The erystals, which precipitated on refrigeration, were
collevted, washed with acetonitrile, and dvied 7 vacne.  The
vield of crystaline salt, mp 136-146°, wax 21 g (46.877.).
Sinlar material after two rervystallizations from acctonitriie
melted at 142-144° and gave [«]n —~4° (CHCL).
dwale Caled for CaltuNOyr ¢ TL86; 11 9.15;
Fonnd: €, 71.69; 11, 9.30; N, 5.74,
i1-Carbobenzoxy-4-n-butyl-r-proline (¢/s and {ronsj (6, R
n=CyHy). - 1-Carbohenzuxy-4-n-bniviidenc-t-proline (100 @) was
<huken with ether and excess 577 IKOLE nutil moe solid reuaioed.
The mpueans fayer was separatid. This solnGon was acilibed
with HCE and repeatadly oxtracted with ether. The ethereal
extravl was dried 1Na2:304) and coneeentrated a0 rvevs. The
oily residue weighed 6.3 g (3597). Thix acid was dissolved i
200 ml of methanol and shaken for 17 hrover 2.1 g of 1t=Deawex |
catalvst nuder 2.8 kg/em? of Hye  The catalyst was removed by
filtration,  The filtrate on evaporation yielded 6.3 g of oy
prodnet which was nsed withont pinrification in the next step.
Methyl N-(1’-Carbenzoxy-4’'-n-butyl-L-prolyl)thiolincosamin-
ide {¢is and trons) (7, R = n-CH.\—The acid from above (6.3 g
wis diseedved in 175 mb of acetonitrile sd cooled to 0°0 Fo rhis
=obiion wax mdded 546 mb of triethylkunine followed Dy 3034 1l
of ixobulyl chlororormate,  After siming al 0 == 3° foe 15 iy
Lheve wins sudded s saborion of 6.2 g of merhyl thicdineosmmniuide
dissobved in 85t of water. The reae ion mixtire was stivred v
The cuohing bath for 0.5 hr and ac 232 Tor £ e Fhe mixtnmee waes
filtered to yield, after drying, $.57 g (37.7C0) of TLR = n=Cyllo.
The mother lignors were concentrated under vaciun and an md-
ditional 4.25 g (33,29 of produrr wax recovered.  Reerystallizi-
tion from acetonitrile afforded 7 (R = «#-Cyhly), mp 104-196°.
The analytical sarple preparved by reerystallization from the
<mme solvent meltal at 197.5-200° and showed [an 41107

N. 5.0,

1 CH,OM.
Anel. Caled for CogllyyNaOS C 537.75; 1L, 7460 N, O
=, 0,050 Found: L a7.58; H, 7.16; N, 3.50; 8, G.01.
Methyl N-{4'-n-Butyl-L-prolyljthiolincosaminide Hydro-

chloride (cis and lrans) (8, R = n-CH,).—A quutity uf 7.8 ¢
of T(R = n-CyH.) was dissolved in 200 ml of methanol and shaken
ander 2.8 kg/em? of Ho over 2 g of 107, Pd-G for 17 hr. The
eatalvst was removed by fileration and the fltrate was evapovated
nder virennn, The residie was dis<obved inoaomixiare of 20l
of meetone aud 20 1l of water.  The =obiGion was avidified Ty the

cL1 N AL et o] T Whdkop, /0 Dl Uliem. Noeo, T8, 185 V1057
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addition of 6 N HC! and diluted with a fourfold volume of ace-
tone. The crystals were collected by filtration and dried. They
nielted at 188-194° dec aud weighed 4.7 g (73.09). The
analytical sample obtained by recrystallization from the same
solvent melted at 197-199° and showed [a]D +150° (H:0).

Anal. Caled for CisHuN,O8-HCl: C, 48.80; H, 7.96;
N, 6.32; 8, 7.24. Found (corrected for 5.549; water): C, 43.58;
11, 8.19; N, 6.04; 8, 7.36.

Methyl N-(1'-Methyl-4'-n-butyl-L-prolyl)thiolincosaminide
Hydrochloride (cis and trans) (9, R = n-C;Hg).—A mixture of 2.0
g of 8(R = n-C,Hy), 2.0 ml of 379, formalin, 150 ml of methanol,
and 500 mg of 109, Pd-C was shaken under 2.45 kg/cm? of H,
for 3.5 hr. The catalyst was removed by filtration. Ivapora-
tion of the methanol yielded a partially erystalline residue which
when assayed by tle consisted chiefly of the cés and trans isomers
of 9 (R = n-C4H,) in a ratio of about 3:1.

Separation of Isomers.—The above product was dissolved in a
niixture of methanol-methylene chloride and 1.5 ml of triethyl-
amine was added. To this solution was added 7 g of silica gel and
the solvent was distilled under vacnum. This solid was sifted
on top of a chromatographii: column of 200 g of silica gel parkeil
with a solvent mixtnre cousisting uf ethyl acetate, acetone, and
water in a ratio of 8:5:1.  The column was developed by eluting
with the same solvent and 20-ml fraetions were collected. Tle of
each fraction showed that fractions 31-38, 310 mg, were essentially
pure frans isomer and 49-74, 326 nig, were essentially pure cis
isomer. Fractions 39-48 consisted of a mixture of isomers which
conld be further separated by repeated chromatography. Each
isomer was dissolved in a few drops of dilute HCl and the hydro-
chloride precipitated by addition of acetone. In this manner
there was obtained 50 mg of trans 9 (R = C;H,), mp 135-137°
der, and abont 150 mg of cis isomer, mp 105°, softening with
further melting at 175-185° dec.

The {rans ixomer was recrystallized from the same solvent and
then melted at 161-168° dec.

Anal. Caled for CiIleN.Os8-HCl: C, 49.93; 1II, 8.16;
N, 6.13; &, 7.02. Fouud: C, 50.32; H, 7.98; N, 6.20; S, 6.67.
N and S analysis corrected for 4.07'7; H,O; C and I sample
dried at 100°.

Similarly, recrystallization of the eis isomer gave a product
melting at 194-198° dec.

Anal. Found (corrected for 4.349, water):
8.20; N, 6.05; 8, 6.65.

Methy! N-(1/-Ethyl-4'-n-butyl-L-proly!)thiolincosaminide Hy-
drochloride (cis and trans) (10, R = n-C;H,).—A mixture of 2.0
g of 8 (R = n-CylTy), 1.5 ml of acetaldehvde, and 750mg of 109,
Pd-C in 150 ml of methanol was shaken under 2.45 kg/em? of

C, 49.82; H,
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H, for 5.5 hr. The catalvst was removed by filtration to give a
residue consisting chiefly of c¢is and érans 10, R = n-C,H,.

Separation of Isomers.—As described above, the mixture of
isomers (2 g) was chromatographed over 200 g of silica gel, using
for elution a solvent system of ethyl acetate-acetone-water
(8:5:1). Fractions 33-42 appeared by tle to be pure trans
isomer and were combined. Fractions 47-64 were essentially
pire cis isorer and were also combined. Fractions 43-48 were a
mixture of isomers which could be purified by rechromatography.
Each isomer was dissolved in a few drops of dilute HCI and the
crystalline hydrochloride precipitated on dilntion with a large
volunie of acetone.

The trans isomer fraction of 415 mg gave 340 mg (15.99) of
crystalline trans product, mp 144-151°. Recrystallization from
dilute acetone raised the melting point to 148-151°.

Anal. Caled for CyHasN,OeS-HCl: C, 50.99; H, 8.35; N,
5.95; 8, 6.81. Found (corrected for 4.08% water}: C, 51.33;

H,8.68; N, 5.81; S8, 6.57.

The cis isomer fraction of 645 mg atforderd 300 mg (14.19,) of
crystalline hydrochloride, mp 135-139°.  Recrystallization from
lilnfe aretone gave rrystals, mp 134-188°,

Anal.  Found (corrected for 3304, water):
8.54; N, 5.98; 8, 6.50).

Methyl N-(1/-Ethyl-4'-n-hexyl-L-prolyl)-7-deoxy-7(S)-chloro-
thiolincosaminide (11, R = n-CsH;;).——Thiony! chloride (1.4 ml)
was added to a stirred suspeusion of methy! N-(1-ethyl-4'-n-
hexvl-L-prolyl)thiolincosaminide (1.4 g) in 28 ml of CCl;. The
reaction mixture was heated at reflux for 2 hr and evaporated to
dryness under vacuum. Chloroform (100 ml) was added and
then removed under vacuuun. The CHCl; addition and evapora-
tion were repeated two more times to ensure complete removal
of residual SOCl.. The solid residite was dissolved in 5 ml of
ethanol, cooled in an ice bath, and the pH was adjusted to 10 by
the additivn of 1 N NaOH. Water (200 ml) was added and the
basic solution was extracted well with CHCl;. The extracts were
dried and evaporated to give 1.0 g of erude product. This mate-
rial was purified by chromnatography over silica gel using MeOH-
CHC]I; (1:6) for elution. The fractions containing the desired
material as determined by tlc were conibined and evaporated.
The residue was couverted to its hvdrochloride salt as described
above.

C, 50.04; I,
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Imidomethylation
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Reaction of 6-demethyl-6-deoxytetracycline with N-hydroxymethylphthalimide gives 7-phthalimidomethyl-

6-demethyl-6-deoxytetracycline.

Reaction of other N-methylolimides is also described.

7-Citraconimido-

methyl-6-demethyl-6-deoxytetracycline has an in vitro biological activity 12 times that of tetracycline.

The reaction of an aromatic compound with an N-
hydroxymethylamide or an N-hydroxymethylimide to
form an amidomethyl- or imidomethyl-substituted
product has beeen known for many years as the
Tscherniac—Einhorn reaction.! This reaction has re-
cently been reviewed excellently by Zaugg and Martin?®

(1) J. Tscherniac, German Patent 134,979 (1902): Chem. Zenir.,
II, 1084 (1902); A. Einliorn, J. Bisclikopff, and B. Szelinski, Ann., 848,
223 (1905).

(2)(a) H. E. Zaugg and W. B. Martin, Org. Reactions, 14, 52 (1965);
() R. Schriter in Houben—\Weyl ““Metlioden der Organischen Chemie,”
Vol. X1/1, 4th ed, G. Thieme, Stuttgart, 1957, pp 795-805; (c) H. Hell-
mann, Angew. Chem., 69, 463 (1957); H. Hellmann in ‘““Newer Methods of
Preparative Organic Cliemistry,'* Vol. 2, W, Foerst, Ed., Academic Press
Ine.. New York, N. Y., 1963, pp 277-302.

as well as by other workers;?*¢ however, the reaction
does not seem to have enjoyed very wide synthetic
import. No example of a natural produet having
been subjected to this reaction is reported by these
reviewers, although it is clear that the general scope
that it encompasses is broad.

Nitration® and halogenation* of 6-deoxytetracyclines

(3)(a) J. J. Beereboom, J. J. Ursprung, H. H. Rennhard, and C. R.
Stephens, J. Am. Chem. Soc., 82, 1003 (1960); (b) J. Petisi, J. L. Spencer,
J. J. Hlavka, and J. H. Boothe, J. Med. Pharm. Chem., §, 538 (1962).

(4) J. J. Hlavka, A. Schneller, H. Krazinski, and J. H. Boothe, J. Am.
Chem. Soc., 84, 1426 (1962);: C. R. Stephens, J. J. Beereboom, H. H. Renn-
liard, P. N. Gordon, K. Murai, R. IX. Blackwood, and M. Sebacl Von
Wittenau, ihid., 85, 2643 (1963).



