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tions, except that the sublimtation of the ¢rude product required
a longer thime (2 days, 60° oil bath) und the sublimate was recrys-
tullized from EtO-low boiling petr ether; 259, vield; mp 87.5 -
89°. Anal. (CH;NBrF) C, H, N.

General Procedure for Preparation of Urea and Thiourea
Derivatives of 3-Aminoisoquinolines 22, 23, 24.--The urea deriva-
tives were prepared by condensatinn of the 3-aminotsnquinolines
with the corresponding isocyanates and isothiocyanates in warm
CsHg =olations (several days). The vields (purified) were 830
for 22, 619, for 23, and 30¢, for 24. Recrystallization solvenis
and elements anolyzed are given in Table 1.

General Procedure for Preparation of Sulfonamldes of 3-
Aminoisoquinolines,-—The snlfonamides 18, 20, and 21 were
abiainted by heating at e, 90° the aminnizoqainnlines with the
corvespouding =nlfouyl ehlorides o pyridive. The yields of
nuribed materials were 3977 for 18, 906, fur 20, aml 357, for 21.
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The acetamide 20 was deacetylated inon reflaxing Ci0 min i mis-
rare of EtOH-coned HCL (5: 11 for 30 min and the saltaniliunnle 19
was tzolared n ea. 6057 vield as the free buse.

N'=(3-Isoquinolyljerotonamide (15). - Ini on attempt 1o mniuntc
N-(3-tsaqunnolyl=3-chlorobutyrammidet  with exvess of N V-
diinethyl-V -ethylethylenediamine v reflnxing C1CL only the
elimination product NV-{3-izoqudnolyTiovtonamide was ixolbiel
(48¢2), mp 150--152° (Table 11

N-(3-Isoquinolyl)acrylamide (14}.--This compound wos isa-
Inter] s the elimination product of N-{i-tsopvnolyl)-3-vhloro-
propionamide* with PINHMe in reflaxing CHCL; o 1he presence
of NuyC'0)yy {Table 13

3-Benzamidoisoquinolines.- - \-(-Isngpminolyl)henzomulde (16)
and V-ClsogainolvD=-nitmbenzamide (17) were obiatned in
fair vields by the rencrinns of S-nwinoyainoline with the appro-
priote henzovt chilorides in refhixing CoHy (Toble T
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Severnl processes for preparing clindamycin- HCL (4a) are desuribed and evidence 1= presented indicating thol,

the chloro substitnent iz in the 7(8) configaration,
potent antibacterial agents.

The structure of the antibiotic lincomyein-HCI (1a)
and the spectrum of its antibacterial activity were
described mn previous communications from this labouvi-
tory.%*  Aspart of a continuing program on the chem-
tenl miodification of lincomyein directed toward the
examination of structure—activity relationships,” the
preparation of a halogen-containing analog was iui-
tiated.

Treatment of lincomyein-HCI (la) with SOCI, in
CCly at room temperature afforded a produect which was
assigned the 3,4-cyelic sulfite structure (2a) on the busts
of its elemental and spectral analyses and its facile re-
generation of lincomyein on aleoholysis. Both the /n
vitro and in vivo assays of antibacterial activity of 2a
were equivalent to those of la. l'ormation of the
eyelic sulfite is not unexpected in view of the c¢is reln-
tionship of the C-3 and C-4 OH groups and the ease of
formation of other similar cyelic derivatives such s
the isopropylidene ketal 2b and the cyelie carbonate
2¢’

(1) Clindamyecin is the generic name for 7(S)ehloro-7-deoxylincomyein.

(2) A preliminary announcement of a portion of this work was presented
earlier: R. D). Birkenmeyer, B. J, Magerlein, and F. Kagan, Fifth Inter-
science Conference on Antimicrobial Agents and Chemotherapy and
FFanrth International Congress of Cliemotherapy, Oct 17-21, 1965, Washing-
tnon, D. C.

(3) (a) H. Hoeksema, B, Bannister, R. D. Birkenmeyer, ¥. Kagan, B. J.
Magerlein, ', A, MacKellar, W. 8. Schroeder, G. Slomp, and R. R. Herr,
J. Amer. Chem, Soc., 86, 4223 (1964); (b) R. R. Herr and G. Slomp, ibid.,
89, 2444 (1967): (c) W. Schroeder, 3. Bannister, and H. Hoeksema, 7bid.,
89, 2448; (A) G. Slomp and F. MacKellar, ibid., 89, 2454: (e) B. J. Mager-
lein, R. D, Birkenmeyer, R. R. Herr, and F. Kagan, ibid., 89, 2459.

(4) (a) D. J. Mason, A. Dietz, and C. DeBoer, Antimicrob. Ag. Chkemo-
ther., 554 (1962): (b) R. R. Herr and M. E. Bergy, ¢hid., 560: (e) L. J.
Hanka, D. J, Mason, M. R. Burch, and R. W. Treick, ibid.. 365: (d) C. N.
Lewis, H, W. Clapp, and J. E. Grady, ibid., 570.

(3) (a) B.J. Magerlein, R. D. Birkenmeyer, and ¥. Kagan, J. Med, Clem..
10, 325 (1967); (b) B. J. Magerlein, ibed., 10, 1161; (c) B. J. Magerlein
andl I, Kagan, 1bid., 12, 780 (1969).

(G) (a) W. Scliroeder, U, 8. Patent 3,264,282 (1b66): Iy R. ). Birken-
meyer, U. S, Patent 3,284,438 (1966).

This componnd and its 7-Br and 7-1 analogs (4e, 4d) ove

[‘urther treatnient of 2a with SOCI, in boiling CCY,
yvielded chlorinated products 3 and 5. Structure as-
signments were made on the basis of elemental and
spectral analyses and quantitative conversion by nl-
coholysis to elindainyein (4a).! Evidence for the struc-
ture 4a was provided by its elemental and speetirnl
analyses, the ir spectrum clearly showing the presence
of amide 1 and amide II absorptions similar to those
observed in lincomycin.?  The position of the Cl atom
is 4a wnas mferred from the downfield shift i tlie 60-
MHz nmr spectrum of the doublet attributable to the
hvdrogens of the terminal Me (C-8). In lincomyein
(1a) these (-8 hydrogens are recognizable by the dou-
blet they produce at 66 and 73 Hz. In the chlorinated
product 4a these absorptions are shifted downfield to 84
and 91 Hz, as expected if the C-7 OH group were re-
placed by 1.7 When 2 Br or I atom was substituted
for OH, the downfield shift of the C-S Me doublet was
greater, appearing at 94 and 101 Hz for 4e and 108-115
Hz for 4d. With the exception of the C-8 Me shift,
the minr spectric of the monohalolineomyeins were es-
sentially the sane as that of lincomyen.

The contiguration of the OH at C-7 i lincomyein
was previously established as 7(R) and the sugar side
chain (C-6 and C-7) asx v-erythro.”  When epilincoiny-
c¢in-HCL (b) (OH at C-7 in the 8 configuration, side
chain v-thieo)® was treated with SOCL under the con-
ditious eited, n new monochlorolincomyein was formed.
This compound was less mobile on tle than 4a and ex-
hibited about 0.5 the antibacterial activity of 4a. Since
the elemental and speectral data were essentially the
same as that obtained for clindamyein - HCl (4a), we

(7) . M. Bible, luterprexalivn of NAMR Spectry, Plenum Publisiing
O, New York, N. Y., 1965, p 14.

(8) II. oeksema. Abstravis of Dapers, 1t9th National Mecring of 1he
American Chemical Suciety. Detroit, Mich., 1963, p De.


Aminoisoquinolir.es

CLINDAMYCIN Journal of Medicinal Chemisicy, 1970, Vol, 13, No. 4 617

concluded that this compound, 4b, was the C-7 epimer ScHEME 1
of 4a. Treatment of lincomyein-HCl (la) or epilin- CH,

comyein-HCL (1b) with SOCL, in CCly resulted in a | ICH
highly stereospecific reaction. If more than one 7-Cl N R —C—eR.
product was formed during the reaction, the amount @ ’ ‘ .
was too small to be detected by tle in solvent systems CONH—CH
which easily separate the epimers, HO | o
An alternate method for the preparation of 4a in- ‘HC oH
volved the use of triphenylphosphine dichloride. The
halogenation of alecohols with triphenylphosphite meth- S—CH,
iodide and related compounds® is known to proceed OH
with inversion of configuration except when anchimeri- 1a,R,=OH;R,=H
cally assisted by a neighboring group.!® Similar results 1b. R,=H;R,=OH
were obtained when these reagents were used to halo- CH,

genate various carbohydrates.!*  The related triphenyl- I\II CH.

phosphine dihalides are also reported to halogenate HO—(IZH
optically active aleohols with net inversion of configura- @ |
tion.'> When lincomyein HCl (la) was treated with CONH—CH
triphenylphosphine dichloride, a monochlorinated prod-
uet was isolated which was identical with 4a. This ‘HCI / 0
result implied that chlorination of 1a by SOCI; occurred
with inversion of configuration.

A third route to the preparation of 4a involved the

use of triphenylphosphine and CCly, a procedure which 2a, X =8=0
13 also known to chlorinate aleohols with inversion of 2b, X =CH,~—C—CH,
configuration.’®* The product obtained when la was 2¢,X=C=0
chlorinated by this method was identical with 4a. This CH,
result strengthened our belief that chlorination of I' CH,
lincomyein HCI (1a), under the conditions deseribed, N Hé—a
occurred with inversion of configuration at C-7. Sup- @ |
port for this hypothesis was obtained by chemical deg- CONH—CH
radation.

Another paper in this series describes the cleavage of HCl
la into two major components, 4’-n-propylhygric acid 0—

(6) and methyl a-thiolincosaminide (7) (MTL).%
Magerlein and Kagan have chlorinated 7 via the tri-
phenylphosphine—carbon tetrachloride procedure to
vield 7-chloro-MTL (8) which upon coupling with 6
gave material identical with 4a.' —
These authors described chemical evidence which
strongly suggested the 7(S)-Cl configuration for 4a and
8.  TUnequivocal evidence defining the configuration of
the Cl substituent in 4a and 8 was obtained by conver-
sion of 8 into the dimethylmercaptal 9, followed by
oxidation of this material with periodate-permanga-
nate.'® An acidie fragment isolated from this reaction
was identified as L-chloropropionic acid (10). A com-
parison of its optical rotation with those reported in the
literature for p- and r-chloropropionic acid as well as
with that of an authentic sample of L-chloropropionic
acid prepared from r-alanine led to the assignment of

. . . ~ — ]
the L configuration for 10. Since the configuration of oH (
the OH at C-7 in 1a is known to be » or 7(R), it follows | 3 CH,
that chlorination of 1a by any of the three methods N.
R,—C—R

(9) (a) S. R. Landauer and H. N. Rydon, J. Chem. Soc., 2224 (1933): C.H, ! I 2
(b} D. G. Coe, S. R, Landaver, and H. N. Rydon, 4d., 2281 (1954);: H. N. 21 g
Rydon and B. L. Tonge, ibid., 3043 (1956). CONH—CH

(10) J. P. Schaefer and D. S. Weinberg, J. Org. Chem., 30, 2635, 2639 HO [
(1965). -HCl

(11) N. K. Kochetkov and A. I. Usov, Tetrahedron, 19, 973 (1963). OH

(12) (a) G. A. Wiley, R. I.. Hershkowitz, R. B. Rein, and B. C. Chung,
J. Amer. Chem. Soc.. 86, 964 (1964); G. A. Wiley, B. J. Rein, and R. L. S—CH;,
Hershkowitz, Tetrahedron Lett., 36, 2509 (1964). OH

(13) (a) J. B. Lee and I. M. Downie, Tetrahedron, 28, 359 (1967): ()
D. Brett, I. M. Downie, and J. B. Lee, J. Org. Chem., 33, 855 (1967). 4a. R, =H:R.=C!

(14) W, Schroeder, 13. Bannister, and H. Hoeksema, J, Amer. Chem. Soc.y 4b, Rl =Cl Rg =H

89, 2448 (1967). =H = Rp
(15) B.J. Magerlein and ¥. Kagan, J. Med. Chem., 12, 780 (1969). 4c, R, =H: R,=Br
(18) R. V. Lemieux and E. vonRudloff, Can. J. Chem., 33, 1711 (1955). 4d. R =H:R,=1
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dexcribed proceeds with inversion of configuration to
produce 7(8)-chloro-7-deoxylineomyein hydrochloride
(4a). Subsequient to thix work. confirmation of the
strueture of 4a was obtained by Xeray ervstallog-
raphy.®

The 7-Br and 7-1 analogs, 4e and 4d, were prepared
rfa the triphenyiphosphine-CX, procedure using NMeCN
as a solvent.  The 7-Br analog 4e was also prepared by
the triphenyviphosphine dihalide route.

+4
la 4.34----“J
LI‘H:; CH,
|
HO—CH HC—C(1
: |
(I H, H.N—CH H,N—CH
HO HOL o
OH OH
S_CH:; S_CH
6 OH OH
7 8
| f
(I‘H.
H(I‘—(‘l
HN—CH ] ‘
HO | op s—cp, — CHCHOICOOH ~— 1. Alanine
o 10
OH CH
S—CH,
OH
9

Lit.a" D—18.2 (neat)™
found: «** 1 =18 (neat,

Biological Activities.—Replacement of the C-7 OH
of lincomyein (1a) by n halogen has w profound nflu-
ence on the (v piteo antibacterial activity of the mole-
cule. A summary of the effeet of this substitution is
presented in Table 1. Note that while in the C-7
OH sertes the 7(R) configuration la is more potent
than the 7(S) 1b, this relationship i= reversed when the
OH ix yeplaced by CL In the latter ense, the 7(S)-Cl
compound 4a i~ significantly nrore potent dn vitre
aud in eivo than its 7(R) epimer 4h.  The toxicity of
the 7(S) epimer 4a i~ of low order, the oral LD in rats
betg >35000 mg/kg of body weight.'* The 7-Br and
7-1 analogs. 4¢ and 4d, also exhibit enhaneed antibace-
tertal aetivity of the same order of magnitude as 4a.
Of speetal interest 1s the marked merease in inhibitory
acfivity for Gram-negative organisms apparent in the
7-Cl mmalog 4a.  Thix compound. when tested against
[lseherickia coli, has inhibitory aetivity 16 times greater
than that of the parent antiblotie and i1 the ense of thy
7-iodo aualog 4d this netivity ix inerensed by n fuctor of
32, lTurther testing of clindamyein (4a) revealed that
the lipid solubility of the molecule also wus greatly

A Dod Duchamyp, Absiraces ol e American Crysialiograply Associa
g, B Meetine, A 20270, 1967, Miuuneapolix, Minn,, Paper 115,

(1% S0l o, S0 AL Birnlhanon, sonl L0 P Greenstein, J, Amev. Chene Spe,
76, 8051 (1054).

ilgy B J. Magerlen, R D Birkenmmever, and F, Kavan, 4 wtindcenh. g
Chiepenthyr., 717 (2067).

B.D. Birkusveyer ano I Kaaas

tnereased.”  When administered orally to human sub-
jects, clindamyein (4a) was absorbed much more rapidly
than the parent compound, giving peak blood levels in
abotit 30 min.  In contrast to many antibioties, this
extrentely fast absorption is not affeeted to o significant
degree by the presence of food o the gastrointestinal
trct.

Clindamyein (4a) and derivatives thereof may be
usefnl as antiplasmodial agents.  When tested in #ivo
against the rodent malarin parasite Plaswmodium berghes
and the siminn parasite 2. cyicomolgl these compounds
demonstrated signifieant aetivity.?!  This therapeutic
activity persisted even when strains of P, berghel were
used which were resistant to the maximum tolerated
doses of antimalariad agents such as eliloroquine. pyri-
methamine, primaquine, and quinine.

Extensive testing in animals and humans indieated
thut -7 halosubstitution of lincomyein significantly
alters the parameters of biologieal activity of the parent
compound. Inthe ease of elindamyein (4a) the potency
ts cnhanced. the spectrum of antibacterial activity is
brondened, the efficieney of absorption inereased and an
entirelv new tyvpe of biologieal netion, antiplasmodial
activity, ix generted.

Experimental Section?®*

Lincomycin 3,4-0-Cyclic Sulfite (2a).--To 2 snspension of
221fg of lincomyein- HCI ila) in 5 1. of CCly wax added 900 ml
ot SOCL.  After =tirring ar 25° for 2 hr, a 25-ml portion of the
reaction was ponred into 200 ml of I5t.0.  The solid precipitare
wo= collected by Hltration and after drving weighed 1.0 g
Areed, (ChlHe NSO 1101 C 1L N, S0 O ealed 7.25:0 foand
7.7k

Bis[clindamycin 3,4-U-cyclic sulfite] Sulfite (5)and Clindamycin
3,4-0-Cyclic Sulfite (3), ~The reaciion mixinre present in the
preparatim of 2a wo= hemted at reflax for 2 hr and then coned
vander vacmn ot a temp of aboat 35° to 21 The vellow =olid
ppt was collecied ond dried. A portion of this material was
cliromatographed vver silica gel nsing CHCL-MeOIlT (9:1) for
elntion.  An early fraciion contained material which crystallized
npon evaporarion uf the =olvent. Recrystallization from EtOH
guve i few milligrams= of the free huse of 5, nip 184-18G°.  Anal.
(CouHeCLNORS C, H, Cl, 83 N: caled 5.67; found, 5.25.
Later fractions of the chrmmutogram contained » =econd material
which was the free buse of 3, [a]p +171° (CHCL). Andl.
i CiHp CINOSO C L CL NG S0 ealed 12,61 fonud, 13.20.

Clindamyein (4a) »i« SOCl: Route. First Procedure.---"The
vellow =olid obratned in 1lie preparntion of 3 :und 5 wax dissolved
b 300 mi of MeOll, mdjusied 1o piT 11 with 2 ¥ NaOH =olation
and 1.3 L of Ha0O wosodded.  Iéxiraction with Et.0 and evapora-
tion of the exiracts vielded nv amorphoas solid, Conversion
turo the HCL sult followed by ervstallizotion from E{tOH-EtOAc
gave 74 g (320,) of 4a; mp 141-143°, [«]p +144° (H0).  Anal.
(ChsHaCLN:O0:8) €, H, Cl, N, 8. A portion of the wmorphons
solid was ervsiallized from EtOH-HL0 to give the free base of

$200 far P FPhaeler, Dol Meeting, Ameriean Assovianion for he
Alhvanceement of Seiemor. New York, N. Y., Dee, 10870 1G) .1 G, Waxner,
I, Novak, N, (", Parel. €. (i, Clhidester, and W. 1. Lomwis, bner. J. Med.
Nei. 266, 25 (11681

213 ia) C, lewis, J.
wierpt, g, Chemather,. 537
Hoyg., 18, 485 11691,

@) Tle was carciml o wn microxlitles roated with Brinkman silica gel
G, Colnmn ebromucograpby  employml silica gel 0.05-0.10 wun for
chromatography, DPrinkmsu lusiruments, lne., Westhury, DLang lsland,
N. Y. Where analyses are indicated only ly symbols of the elements,
analytical resulls obtained for these elements are within #=0.4% of tle
theoretical values. Sinece lincomyein and its analogs and ilerivatives are
prone tu hydration, 1he watrr content of all the deseribed compounds was
dptermined Ly Kael Viselier biepting word Yhe appropasace vorreviion apphied
The yrormreted vialites ans repor(ed,  Niwe

Phrgaatl,, 84, 1875 (1B68): (1) O Lewis, Ant-
6T 1el KOGl Powers, Jdmer. S Trop, Med,

vocibe foa] elemenal analyers,
speerra were phained onoa Varon A-GOA specrromeder nsing 140 as thye
solvent for the 1C salis amnl CDCL for ihe free bases.  Absorption banls
of apectra {r, mr) veee as experied for all rompunds,
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TasLg I

ANTIBACTERIAL ACTIVITIES OF 7-HALO-7-DEOXYLINCOMYCIN HYDROCHLORIDES

b

standard @—~——o————— Serial dilution minimal inhibitory concentration —
cUrve assay Staphyl- Staphyl- Strepto- Salmonella Mouse protection zussa,_vd
with Sarcina coccus ococcus coccus Escherichia Proteus schott- Staphylococcus aureus
lutea aureus aureus faecalis coli rulgaris meullert Sub-

Compd ATCC 9341¢ OSU 284 UC 552° TC 3233 ATCC 26 ATCC 8427 ATCC 9149 cutaneous Oral
la 1 0.4 0.8 12.5 400 800 4000 1.0 1.0
1b 0.5 0.8 1.6 25.0 >200 >200 >200 0.4 0.8
4a 4 0.1 0.1 6.2 25 250 64 1.0 1.3
4b 2 0.4 0.5 12.5 >200 >200 >200 0.4 0.5
4c 4 0.05 0.05 6.2 100 100 50 0.9 1.5
4d 4-H 0.05 0.05 3.2 12.5 50 50

« L. J. Hanka, D. J. Mason, M. R. Burch, and R. W. Treick, Antimicrob. Ag. Chemother., 565 (1962).
Inocula consisted of about 10° organisms/ml of medium. Twofold dilutions of the antibiotic
Endpoints were read at 20 hr and are expressed in minimal inhibitory concentration of

Brain Heart Infusion medium (Difco).
were used in each sensitivity determination.
compound in micrograms per milliliter.

¢ Organism resistant to penicillin, streptomycin, tetracycline, and erythromyecin.

b Determinations made in

¢ Method

of C. Lewis, H. W. Clapp, and J. E. Grady, Antimicrob. Ag. Chemother., 570 (1962).

48; [OtlD +214° (CHCls) Anal. (ClgHssclNQOg,S) C, H, Cl,

Clindamycin (4a) via (C¢H;);PCl: Route. Second Procedure.
—To a solution of 26.3 g of (Ce¢Hs):P in 400 ml of MeCN was
added 7.09 g of Cl. keeping the temp at about 30° by cooling.
Lincomyein (4.06 g) was added. After stirring at 25° for 3 hr,
100 ml of MeOH was added and the solition coned to dryness
under vacnam. The residue was partitioned between Et.O
and H,O0. The H,O phase was made basic with 2 ¥ NaOH
solution and extracted with CHCly and the extract coned to
dryness under vacunm. The residue was chromatographed
over silica gel nsing CHCl;-MeOH (9:1) for elution.  The major
fraction contained 3.1 g of the free base (739 yield) which was
converted into the HCI salt and crystallized from EtOH-EtOAc
to give material identical with 4a prepared by the SOCI, pro-
cedure.

Clindamycin (4a) via (CsH;);PCCl; Route. Third Procedure.—
A solntion of 30 g of lincomyein-HCL (1a), 120 g of (CsH;)sP,
and 500 ml of MeCN was cooled at 20° and 500 ml of CCl, was
added. After stirring at 25° for 18 hr the reaction was concd
to dryness under vacuum. The residue was shaken with 200 ml
of H:O for 2 hr and filtered and the solid, (CsH;),P0, was dis-
carded. The filtrate was adjusted to pH 11 with 6 N NaOH
solution and extracted with CHCl;. The extracts were coned
to dryness under vacuum, the residne dissolved in 200 ml of
MeOH and heated at reflux for 1 hr. The MeOH was distd
under vacuum and 100 ml of H>O and 10 ml of 37¢; HCl were
added to the residue. After shaking for 1 hr the mixture was
filtered and the solid material discarded [more (CgH;):PO].
The filtrate was extracted with CCl, and the extracts discarded.
The H;0 phase was adjusted to pH 11 with 6 ¥ NaOH solution
and extracted with CHCl;. The extract was coned to dryness
under vacuuny, the residue converted intto the HCl salt and crystal-
lized from EtOH-EtOAc to give 35 g, (67%), of material identical
with 4a prepared by the SOCl; and (C¢H..);PCl procedures.

7(R)-Chloro-7-deoxylincomycin Hydrochloride (4b).—Epilin-
comycin-HCl (1b) was chlorinated via the SOCl; procedure to
give a 299 vield of 4b; [e]p +122° (H:.0), mp 164-166°.
:’177.0,/. (ClgHa,;ClzN-zO:,S) C, H, Cl, N, S

7-Bromo-7-deoxylincomyecin Hydrochloride (4¢).—Lincomy-

cin-HCl was brominated by substituting (CeH;)sPBr: for
(CeH;)sPCl; in the second procedure described for the prepara-
tion of 4a. A 309, yield of 4¢ [«lD +130° (H.0), mp 137-
139° was obtained. Anal. (CiH:CIBrN.O;S) C, H, Cl, Br,
N, 8. By substituting CBry for CClL in the third procedure
described for the preparation of 4a, a 369, vield of product was
obtained. This material was identical with 4¢ obtained via
the (C:H;)sPBr, procedure.

7-Iodo-7-deoxylincomycin Hydrochloride (4d).—By substitut-
ing CI, for CCly in the third procedure described for the prepara-
tion of 4a, a 0.5% yield of 4d was obtained. Althongh no
elemental analytical data were obtained for this compound, its
behavior upon tle and the nmr spectrum and mass spectrum
fragmentation patterns were consistent with the proposed
structnre.

Dimethyl Mercaptal of 7(S)-Chloro-7-deoxy-a-methylthiolin-
cosaminide (9).—A mixture of 71 g of 7-chloro-MTL (7), 750 ml
of 37% HCI, and 350 g of MeSH was stirred at 0° for 6 hr.
H,0 (21.) was added and the reaction extracted well with Skelly-
solve B. The H,0 phase was adjusted to pH 11 by the addition
of KOH pellets, A ppt formed which was collected, dried, and
recrystd from MeOH to give 62 g (739,) of 9; mp 122-124°,
[alp +2° (DMF). Anal. (C,HCINOS) C, H, C|, N; S:
caled 20.05: found, 19.53.

L-a~Chloropropionic Acid (10).—To a solution of 300 g of
NalQ,, 32 g of KMNOy, and 21 g of K,CO; dissolved in 1 1. of
H.O and stirred at 25° was added 16.8 g of 9. Additional
K:CO;s was added as necessary to keep the reaction at pH 7 to
7.5. After 18 hr the reaction was adjusted to pH 3 by the
addition of coned H:SO4 and then extracted with EtsO. The
extracts were coned under vacuum and the residue distd through
a 13-em Vigreux column. Two grams (359;) of product 10
[bp 90-91° (15 mm), [a]D —18° (neat); reported —18.2°
(neat )8} was obtained. .Anal. (C;H;CCIO) C, H, Cl.

Alcoholysis of 2a, 3, and 5.—Treatment of 2a, 3, and 5
with aq base or hot MeOH resulted in the quantitative removal
of the sulfite functions and regeneration of the alcohol.

Acknowledgments.—The authors are indebted to
D. J. Mason and C. Lewis for the antibacterial assays.



