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lions, except that the sublimtation of the crude product required 
a longer time (2 days, 60° oil bath) and the sublimate was recrys-
tallized from EtjO-low boiling petr ether; 25% vield; nip 87..A 
,S()°. Anal. (CioH,NBrF) C, H, ST. 

General Procedure for Preparation of Urea and Thiourea 
Derivatives of 3-Aminoisoquinolines 22, 23,24. The urea deriva
tives were prepared by condensation of the 3-aminoisoquinolmes 
with the corresponding isocyanates and isothiocyanates in warm 
06H6 solutions (several days). The yields (purified) were S5'' ( 
for 22, Giyfc for 23, and 30(;o for 24. " liecrystallization solvents 
and elements analyzed are given in Table I. 

General Procedure for Preparation of Sulfonamides of 3-
Aminoisoquinolir.es. - The sulfonamides 18, 20, and 21 were 
obtained by heating at ra. 00° the aniinoisoquinolines with the 
corresponding sulfonyl chlorides in pyridine. The yields of 
purified materials were :>'.)'", for 18, <)()', for 20, and .">'; for 21. 

The acetamide 20 wan deacetylated in a refluxing (III) mini mix
ture of EtOEI-concd HC1 (•">: 1) for 30 min and the sulfanilamide 19 
was isolated in ca. 60% yield as the free base. 

.V-(3-Isoquinolyl)crotonamide (.15).- - In an at tempt In animate 
,\-(3-isoqtiinolyl)-3-ehlorobutyramide'! with excess of ,Y,.\-
dimethyl-.Y'-ethylethylenediamine in refluxing CHCf, only Hie 
elimination product .Y-(3-isoquinol\i lerotonamide was isolaied 
(4S%), mp 150-1.">2° (Table I). 

.V-(3-IsoquinoIyl)acrylamide (14). This compound was iso
lated as (lie elimination product of Ar-(3-isoquinolyl)-3-chioro-
propionamide1 with PhNHMe in refluxing CHCls in the presence 
of NaoCQ:, (Table I t 

3-Benzamidoisoquinolines. .Y-Kj-laoquinnlyljbenzamide i Hi) 
and .\"-(':i-iMiquiiioiylS-3-nitrobenzamide (17) were obtained in 
fair yields by the reactions of .'i-aniinoquinoline with the appro
priate benzoyl chlorides in refluxing ('BH« (Table 11. 

Lineomyeiii. XI. Synthesis and StrueLure of Clindamycin.1 

a Po ten t Antibacterial Agent2 
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Several processes for preparing clindamycin -1101 (4a) are described and evidence is presented indicating that 
the chloro substituent is in the 7{S) configuration. This compound and its 7-Br and 7-1 analogs (4c, 4d) are 
potent antibacterial agents. 

The structure of the antibiotic lincomycin • HC1 (la) 
and the spectrum of its antibacterial activity were 
described in previous communications from this labora
tory.3'4 As part of a continuing program on the chem
ical modification of lincomycin directed toward the 
examination of structure-activity relationships,5 the 
preparation of a halogen-containing analog was ini
tiated. 

Treatment of lincomycin-HC1 (la) with SOCl2 in 
CCU at room temperature afforded a product which was 
assigned the 3,4-cyclic sulfite structure (2a) on the basis 
of its elemental and spectral analyses and its facile re
generation of lincomycin on alcoholysis. Both the in 
vitro and in vivo assays of antibacterial activity of 2a 
were equivalent to those of la. Formation of the 
cyclic sulfite is not unexpected in view of the cis rela
tionship of the C-3 and C-4 OH groups and the ease of 
formation of other similar cyclic derivatives such as 
the isopropylidene ketal 2b and the cyclic carbonate 
2c.8 

(1) Clindamycin is the generic name for 7(S)ch3oro-7-deoxyUncomycin. 
(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 
Fourth International Congress of Chemotherapy, Oct 17-21, 1965, Washing
ton, D. C. 

(3) (a) H. Hoeksema, B. Bannister, K. D. Birkenmeyer, F. Kagan, B. -f. 
Magerlein, F. A. MacKellar, W. S. Schroeder, G. Slomp, and R. R. Herr, 
J. Amer. Chem. Soc, 86, 4223 (1964); (I)) R. R. Herr and G. Slomp, ibid., 
89, 2444 (1967); (c) W. Schroeder, B. Bannister, and H. Hoeksema, ibid., 
89, 2448; (d) 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. Chemo
ther., 554 (1962); (b) R. R. Herr and M. E. Bergy, ibid., 560; (c) L. J. 
Hanka, D. J. Mason, M. R. Burch, and R. W. Treick, ibid.. 565; (d) C. N, 
Lewis, H. W. Clapp, and J. E. Grady, ibid., 570. 

(5) (a) B. J. Magerlein, R. D. Birkenmeyer, and F. Kagan, J. Med. Chrm.. 
10, 355 (1967); (b) B. J. Magerlein. ibid., 10, 1161; (c) B. J. Magerlein 
and F. Kagan, ibid., 12, 780 (1969). 

(0) (a) W. Schroeder, U. S. Patent 3,264,282 (1966); lb) R. I>. Birken
meyer, U. S. Patent 3,284,438 (1966). 

Further treatment of 2a with SOCI2 in boiling CC14 

yielded chlorinated products 3 and 5. Structure as
signments were made on the basis of elemental and 
spectral analyses and quantitative conversion by al
coholysis to clindamycin (4a).1 Evidence for the struc
ture 4a was provided by its elemental and spectral 
analyses, the ir spectrum clearly showing the presence 
of amide 1 and amide II absorptions similar to those 
observed in lincomycin.3 The position, of the CI atom 
is 4a was inferred from the downfield shift in the 00-
MHz nmr spectrum of the doublet attributable to the 
hydrogens of the terminal "Me (C-S). In lincomycin 
(la) these C-S 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 CI.7 When a 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 4c and 108-115 
Hz for 4d. With the exception of the C-S Me shift, 
the nmr spectra of the monohalolincomycins were es
sentially the same as that of lincomycin. 

The configuration of the OH at C-7 in lincomycin 
was previously established as 7{R) and the sugar side 
chain (C-6 and C-7) as i>-erythro.',i When epilincomy-
cin'HCl (lb) (OH at C-7 in the S configuration, side 
chain v-threo)* was treated with SOCl2 under the con
ditions cited, a new monochlorolincomycin was formed. 
This compound was less mobile on tic than 4a and ex
hibited about 0.5 the antibacterial activity of 4a. Since 
the elemental and spectral data were essentially the 
same as that obtained for clindamycin • H O (4a), we 

(7) U. II. Bible, interpretation of X M k Spectra, Plenum Publicum 
Co., New V'urk, N. V.. 1965, p 16. 

(R'l H. Hoeksema. Abstracts of Papers, ] 1'Jt.li National Meeting of I IK 
American Chemical Society. Detroit, Mich., 1965, p 9c. 
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concluded that this compound, 4b, was the C-7 epimer 
of 4a. Treatment of lincomycin-HCl (la) or epilin-
comycin-HCl (lb) with SOCl2 in CC14 resulted in a 
highly stereospecific reaction. If more than one 7-C1 
product was formed during the reaction, the amount 
was too small to be detected by tic in solvent systems 
which easily separate the epimers. 

An alternate method for the preparation of 4a in
volved the use of triphenylphosphine dichloride. The 
halogenation of alcohols with triphenylphosphite meth-
iodide and related compounds9 is known to proceed 
with inversion of configuration except when anchimeri-
cally assisted by a neighboring group.10 Similar results 
were obtained when these reagents were used to halo-
genate various carbohydrates.n The related triphenyl
phosphine dihalides are also reported to halogenate 
optically active alcohols with net inversion of configura
tion.12 When lincomycin-HCl (la) was treated with 
triphenylphosphine dichloride, a monochlorinated prod
uct was isolated which was identical with 4a. This 
result implied that chlorination of la by SOCl2 occurred 
with inversion of configuration. 

A third route to the preparation of 4a involved the 
use of triphenylphosphine and CCL, a procedure which 
is also known to chlorinate alcohols with inversion of 
configuration.13 The product obtained when la was 
chlorinated by this method was identical with 4a. This 
result strengthened our belief that chlorination of 
lincomycin-HCl (la), under the conditions described, 
occurred with inversion of configuration at C-7. Sup
port for this hypothesis was obtained by chemical deg
radation. 

Another paper in this series describes the cleavage of 
la into two major components, 4'-w-propylhygric acid 
(6) and methyl a-thiolincosaminide (7) (MTL).14 

Magerlein and Kagan have chlorinated 7 via the tri
phenylphosphine—carbon tetrachloride procedure to 
yield 7-chloro-MTL (8) which upon coupling with 6 
gave material identical with 4a.15 

These authors described chemical evidence which 
strongly suggested the 7(*S)-C1 configuration for 4a and 
8. Unequivocal evidence defining the configuration of 
the CI substituent in 4a and 8 was obtained by conver
sion of 8 into the dimethylmereaptal 9, followed by 
oxidation of this material with periodate-permanga-
nate.16 An acidic 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 D- and L-chloropropionic acid as well as 
with that of an authentic sample of L-chloropropionic 
acid prepared from L-alanine led to the assignment of 
the L configuration for 10. Since the configuration of 
the OH at C-7 in la is known to be D or 7(R), it follows 
that chlorination of la by any of the three methods 

(9) (a) S. E. Landauer and H. N. Hydon, J. Chem. Soc, 2224 (1953); 
(b) D. G. Coe, S. R. Landauer, and H. N. Rydon, ibid., 2281 (1954); H. N. 
Rydon and B. L. Tonge, ibid., 3043 (1958). 

(10) J. P. Sehaefer and D. S. Weinberg, J. Org. Chem., 30, 2635, 2639 
(1965). 

(11) N. K. Kochetkov and A. I. Usov, Tetrahedron, 19, 973 (1963). 
(12) (a) G. A. Wiley, R. L. Hershkowitz, R. B. Rein, and B. C. Chung, 

./. Amer. Chem. Soc, 86, 964 (1964); G. A. Wiley, B. J. Rein, and R. L. 
Hershkowitz, Tetrahedron Lett., 36, 2509 (1964). 

(13) (a) J. B. Lee and I. M. Downie, Tetrahedron, 23, 359 (1967); (b) 
D. Brett, I. M. Downie, and J. B. Lee, J. Org. Chem., 32, 855 (1967). 

(14) W. Schroeder, B. Bannister, and II. Hoeksema, J. Amer. Chem. Soc. 
89, 2448 (1967). 

(15) B. J. Magerlein and F. Kagan, J. Med. Chem., 12, 780 (1969). 
(16) R. V. Lemieux and E. vonRudloff, Can. J. Chem., 33, 1711 (1955). 
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described proceeds with inversion of configuration to 
produce 7(;S')-chloro-7-deoxylincomycin hydrochloride 
(4a). Subsequent to this work, confirmation of the 
.•structure of 4a was obtained by X-ray crystallog
raphy.'" 

The 7-Br and 7-1 analogs. 4c and 4d, were prepared 
via the triphenylphosphine-CX.! procedure using MeCX 
as a solvent. The 7-Br analog 4c was also prepared by 
the triphenylphosphine dihalide route. 
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Biological Activit ies .-Replacement of the C-7 OH 
of lincomycin (la) by a halogen has a profound influ
ence on the in vitro antibacterial activity of the mole
cule. A summary of the effect of this substitution is 
presented in Table I. Xote that while in the C-7 
OH series the 7{R) configuration la is more potent 
than the 7(S) l b , this relationship is reversed when the 
OH is replaced by CI. In the latter case, the 7(/S')-Cl 
compound 4a is significantly more potent in vitro 
and in vivo than its 7{R) epimer 4b. The toxicity of 
the 7($) epimer 4a is of low order, the oral LDj0 hi rats 
being >">000 mg/kg of body weight.19 The 7-Br and 
7-1 analogs, 4c and 4d, also exhibit enhanced antibac
terial activity of the same order of magnitude as 4a. 
Of special interest is the marked increase in inhibitory 
activity for Gram-negative organisms apparent in the 
7-C1 analog 4a. This compound, when tested against 
/•Jnclieriv/iia roll, has inhibitory activity Hi times greater 
than that of the parent antibiotic and in the case of the 
7-iodo analog 4d this activity is increased by a factor of 
'•VI. fur ther testing of clindamycin (4a) revealed that 
the lipid solubility of the molecule also was greatly 

i I ; j l>. J. D u e h a m p , Abs t r ac t s oi Ihe Amer ican C'rj s tal lot4iaph\ Asso 
linn, Surjiruf! Mee l inc . Aug 20 -2o. 19rj7, Minneapol is , Minn. , P a p e r 0"> 

(IS) S. .1. Kit, S. M. P.irnbaiitn, a n d . l . P. O r e e n s t e i n , J. A ma: Chun. S 
76, BOIil (Hlo4) . 

119) li. J. Magerle in , It. 1). B i rkenmeyer . ami F . Kajran, Antimicruh. 
<.'!,< muthv/:. 727 (lUb7). 

increased.20 When administered orally to human sub
jects, clindamycin (4a) was absorbed much more rapidly 
than the parent compound, giving peak blood levels in 
about 30 miii. In contrast to many antibiotics, this 
extremely fast absorption is not affected to a significant 
degree by the presence of food in the gastrointestinal 
tract. 

Clindamycin (4a) and derivatives thereof may be 
useful as antiplasmodial agents. When tested in vivo 
against the rodent malaria parasite Plasmodium berghei 
and the simian parasite P. rynomolgi these compounds 
demonstrated significant activity.-1 This therapeutic 
activity persisted even when strains of P. berghei were 
used which were resistant to the maximum tolerated 
doses of antimalarial agents such as chloroquine. pyri
methamine, primaquine, and quinine. 

Extensive testing in animals and humans indicated 
tha t C-7 halosubstitution of lincomycin significantly 
alters the parameters of biological activity of the parent 
compound. In the case of clindamycin (4a) the potency 
is enhanced, the spectrum of antibacterial activity is 
broadened, the efficiency of absorption increased and an 
entirely new type of biological action, antiplasmodial 
activity, is generated. 

Experimental Section22 

Lincomycin 3,4-O-C'yclic Sulfite (2a). To a suspension of 
22l |g of lincomycin • HC1 (la) in 5 1. of CCU was added 900 ml 
of SOCk After stirring at 25° for 2 hr, a 25-ml portion of the 
reaction was poured into 200 ml of Et»0. The solid precipitate 
was collected l>v filtration and after drying weighed 1.0 g. 
Anal. (C 1 JI 3 . J N., ( ' )TS. , - IK '1I C, II, X, S: CM: calcd 7.25: found 
7.71. 

Bis [clindamycin 3,4-Ocyclic sulfite) Sulfite (5) and Clindamycin 
3,4-O-Cyclic Sulfite (3). The reaction mixture present in the 
preparation of 2a was healed at reflux for 2 hr and then coned 
under vacuum at a temp of about 35° to 2 1. The yellow solid 
ppt was collected and dried. A portion of this material was 
chromatographed over silica gel using CHCM;1-MeOIl (9:1) for 
elation. An early fraction contained material which crystallized 
upon evaporation of ihe solvent, liecrystallization from EtOH 
gave a few milligrams of the free base of 5, rap 184-180°. Anal. 
iCmHwChNAaSo) C, II, CM, S; X : calcd 5.67; found, 5.25. 
Later fractions of Ihe chromatogram contained a second material 
which was the free base of 3, [a]i> +171° (CHC13). Anal. 
iCI8H3iClN20e!S») 0 , H, CI, N ; S; calcd 13.61: found, 13.20. 

Clindamycin (4a) via SOCl> Route. First Procedure. The 
yellow solid obtained in ihe preparation of 3 and 5 was dissolved 
"in 300 ml of MeOII, adjusted to pl l U with 2 A' XaOH solution 
and 1.5 1. of H>() was added. Ext raction with EtjO and evapora
tion of Ihe extracts yielded an amorphous solid. Conversion 
into the HC1 salt followed bv crystallization from EtOH-EtOAc 
gave 74 g (32%) of 4a: mp 141-143°, [<*]D +144° (H20). Anal. 
(C15H34Q2X2O0S) C, H, CM, X, S. A portion of the amorphous 
solid was crystallized from Et0H-H>O to give the free base of 
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mi.s, Amcr. J. Med. 

-,e-H(il.. 
!IH7l: 

1877) (1968) 
y, G. Powers 

(b) C. Lewis. Aidi-
Ainn: .1. Trap. Veil, 

ieroslides coated with B r i n k m a n silica gel 
employed silica gel 0 .05-0.20 mm for 

i20> (a i 11. 1". l'lel 
Advancemen t of Scien 
1-:. Novak , X, ('. P a t e 
Sri.. 256, 25 (1968) 

(21) (a,) C. Lewi.", 
inirroi: .If;. C'li eirintlu i: 
IIill.. 18, 48') (lHliil). 

(22) 'Lie was carried om 
O P . Co lumn chromatogr . 
c h r o m a t o g r a p h y , P.r inkman I n s t r u m e n t s , Inc . , Westbur.v, Long Is land, 
X. Y. Where ana lyses a r e ind ica ted only by symbols of the e lements , 
ana ly t i ca l r e su l t s ob ta ined for these e lements a re within ±MAr/c of t he 
theore t ica l va lues . Since l incotnycin a n d i ts analogs a n d de r iva t ives a r e 
p rone t o h y d r a t i o n , the water content of all t h e described c o m p o u n d s was 
de te rmined b \ Karl Fischer IKta l ion and the a p p r o p r i a t e correct ion appl ied 

o Ihe found element ai a tut ly.-es. The corrected values a re repor ted . N'mr 
spec t ra were obta ined on a \ a r ian A-bOA spec t rome te r using D O as the 
soKent for the 110! sai ls and C'DCI,, for the free bases. Absorpt ion b a n d s 
of spect ra (if, n m r ! were as expected for all c o m p o u n d s . 
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TABLE I 

ANTIBACTERIAL ACTIVITIES OF 7-HALO-7-DEOXYLINCOMYCIN HYDROCHLORIDES 

Compd 

la 
lb 
4a 
4b 
4c 
4d 

" L. J. 

Standard 
curve assay 
with Sarcina 

lutea 
ATCC 9341° 

1 
0.5 
4 
2 
4 
4-5 

Hanka, D. J. 

^~ 

M 

Staphyl-
coccus 
aureus 

OSU 284 

0.4 
0.8 
0.1 
0.4 
0.05 
0.05 

Serial dilution minimal inhibitory 
Staphyl
ococcus 
aureus 

VC 552" 

0.8 
1.6 
0.1 
0.8 
0.05 
0.05 

ason, M. R. Burch, and R. 

Strepto
coccus 

faecalis 
VC 3235 

12.5 
25.0 

6.2 
12.5 
6.2 
3.2 

W. Treick, 

concentration • 

Escherichia 
coli 

ATCC 26 

400 
>200 

25 
>200 

100 
12.5 

Antimicrob. Ag 

Proteus 
vulgaris 

ATCC 8427 

800 
>200 

250 
>200 

100 
50 

. Chemother., 

Salmonella 
schott-

meulleri 
ATCC 9149 

4000 
>200 

64 
>200 

50 
50 

565 (1962). b 

Mouse protecti 
Staphylococcu 
Sub

cutaneous 

1.0 
0.4 
1.0 
0.4 
0.9 

Determinations 

.on assay 
s aureus 

Oral 

1.0 
0.8 
1.3 
0.5 
1.5 

made in 
Brain Heart Infusion medium (Difco). Inocula consisted of about 105 organisms/ml of medium. Twofold dilutions of the antibiotic 
were used in each sensitivity determination. Endpoints were read at 20 hr and are expressed in minimal inhibitory concentration of 
compound in micrograms per milliliter. c Organism resistant to penicillin, streptomycin, tetracycline, and erythromycin. d Method 
of C. Lewis, H. W. Clapp, and J. E. Grady, Antimicrob. Ag. Chemother., 570 (1962). 

4a; 
N , S . 

[ « ] D +214° (CHC13). Anal. (Ci8H33CLN2Oi,S) C, H, CI, 

Clindamycin (4a) via (C6H5)3PC12 Route. Second Procedure. 
—To a solution of 26.3 g of (C6H5)3P in 400 ml of MeCN was 
added 7.09 g of Cl2 keeping the temp at about 30° by cooling. 
Lincomycin (4.06 g) was added. After stirring at 25° for 3 hr, 
100 ml of MeOH was added and the solution coned to dryness 
under vacuum. The residue was partitioned between E t 2 0 
and H 2 0 . The H 2 0 phase was made basic with 2 N NaOH 
solution and extracted with CHCI3 and the extract coned to 
dryness under vacuum. The residue was chromatographed 
over silica gel using CHCl3-MeOH (9:1) for elution. The major 
fraction contained 3.1 g of the free base (73% yield) which was 
converted into the HC1 salt and crystallized from EtOH-EtOAc 
to give material identical with 4a prepared by the SOCI2 pro
cedure. 

Clindamycin (4a) via (C6H5)3PCC14 Route. Third Procedure.— 
A solution of 50 g of lincomycin-HC1 (la), 120 g of (C6H5)3P, 
and 500 ml of MeCN was cooled at 20° and 500 ml of CC14 was 
added. After stirring at 25° for 18 hr the reaction was coned 
to dryness under vacuum. The residue was shaken with 200 ml 
of H 2 0 for 2 hr and filtered and the solid, (CsHs^PO, was dis
carded. The filtrate was adjusted to pH 11 with 6 N NaOH 
solution and extracted with CHC13. The extracts were coned 
to dryness under vacuum, the residue dissolved in 200 ml of 
MeOH and heated at reflux for 1 hr. The MeOH was distd 
under vacuum and 100 ml of H 2 0 and 10 ml of 37% HC1 were 
added to the residue. After shaking for 1 hr the mixture was 
filtered and the solid material discarded [more (C6H5)3PO]. 
The filtrate was extracted with CCh and the extracts discarded. 
The H 2 0 phase was adjusted to pH 11 with 6 N NaOH solution 
and extracted with CHCI3. The extract was coned to dryness 
under vacuum, the residue converted into the HC1 salt and crystal
lized from EtOH-EtOAc to give 35 g, (67%), of material identical 
with 4a prepared by the SOCl2 and (C6H.-,)3PC1 procedures. 

7(ft)-Chloro-7-deoxylincomycin Hydrochloride (4b).—Epilin-
comvcin-HCl (lb) was chlorinated via the SOCl2 procedure to 
give" a 29% vield of 4b; [<*]D +122° (H20), mp 164-166°. 
Anal. (C18H34C12N205S) C, H, CI, N, S. 

7-Bromo-7-deoxylincomycin Hydrochloride (4c).—Lincomy

cin ' H O was brominated by substituting (C6H5)3PBr2 for 
(CSH5)3PC12 in the second procedure described for the prepara
tion of 4a. A 30% yield of 4c [ « ] D +130° (H20), mp 137-
139° was obtained. Anal. ( G s ^ C l B r N i A S ) C, H, CI, Br, 
N, S. By substituting CBr4 for CCL. in the third procedure 
described for the preparation of 4a, a 36% yield of product was 
obtained. This material was identical with 4c obtained via 
the (C6Hi)3PBr2 procedure. 

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

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% HC1, and 350 g of MeSH was stirred at 0° for 6 hr. 
H 2 0 (2 1.) was added and the reaction extracted well with Skelly-
solve B. The H 2 0 phase was adjusted to pH 11 by the addition 
of KOH pellets. A ppt formed which was collected, dried, and 
recrvstd from MeOH to give 62 g (73%) of 9; mp 122-124°, 
[ « ] D + 2 ° (DMF). Anal. (Ci„H22ClN04S) C, H, Cl, N ; S: 
calcd 20.05; found, 19.53. 

L-a-Chloropropionic Acid (10).—To a solution of 300 g of 
NaI0 4 , 32 g of KMNO4, and 21 g of K2C03 dissolved in l 1. of 
H 2 0 and stirred at 25° was added 16.8 g of 9. Additional 
K2C03 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 H2S04 and then extracted with E t 2 0 . The 
extracts were coned under vacuum and the residue distd through 
a 15-cm Vigreux column. Two grams (35%) of product 10 
[bp 90-91° (15 mm), [O]D - 1 8 ° (neat); reported -18 .2 ° 
(neat)18] was obtained. Anal. (C3HoCC10) 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. 
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