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Analogs of chlornmphenieol having an acyl group in place of the nitro gronp have been prepared. The most
active of the series, n-threo-1-(p-acetylphenyl)-2-(2,2-dichloroacetamido)-t,3-propanediol (cetophenient), was
fonnd to be o potent antimicrobial agent, active against gram-positive and gram-negative organisims,

This comunmication is concerned with p-acyl analogs
of eliloramphenicol, which were synthesized as a part of
our program to introduce an acyl group iuto the aro-
matic moiety of suitable natural products.! The
preparation of these compounds appeared attractive
in view of the possibility that the replacement of the
nitro group of the chloramphenicol molecule by an acyl
funetion might result in antimicrobial agents that are
free of some of the undesirable effects of chloranmipheni-
col.? Hahn, ef al.® suggested a correlation between
the degree of antimierobial activity of chloramphenicol
analogs and the electronegativity of their para substit-
nents. It thus appeared likely that the p-acyl analogs
could possess cousiderable antimicrobial activity due to
the electron-withdrawing properties of the acyl groups.

The syunthetic path chosen involved addition of
organolithiuin compouuds or the correspouding Grig-
nard reagents to 2-acetamido-1-(p-cyanophenyl)-1,3-
propanediol? with subsequent hydrolysis and dichloro-
acetylation as shown in Scheme I. Compounds pre-
pared by this method arve listed i1 Table I, which also
meludes some of the intermediates aund derivatives
prepared.

The most active of the series, n-threo-N-|p-acetyl-j3-
hydroxy-a-(hydroxymethyl)phenethyl]-2,2-dichloroa-
cetamide (cetophenicol), was found to be a potent anti-
microbial agent, active against grani-positive and gramn-
negative organisms.  The minimum inhibitory coun-
centrations by a twofold serial dilution test in broth
are as follows (ug/ml):  Staphylococcus aureus (WILRI-
16), 4; S, aureus (WILRI-25), 31; Streptococcus pyag-
enes, 62; Streptococcus faecalis, 16; Diplococcus pneu-

(1) M. von Stranittinann, C. Poachalski, aml J. Shavel, Jr., J. Med. Cheud.,
7,141 (196,

(2) (1) L. 8. Goodman and A. Gilman, '“The Pharmnacological Basis of
Therapeutics,” 3rd ed. The Macmillan Co., New York, N. Y., 1965, p 1262;
(. N. Lewis, L. X, Putnam, ¥, I). Hendricks, I. Kerlan, and H. Welch,
Antibiot, (hemotkerapy, 3, 601 (1952); E. L. Loyd, bid.. 2, 1 (1952); R. G.
Shaw and J. A. McLean, Med. J. Austrnlia, 1, 3532 (1937). (b) The implica-
tion that (lie undesirable effects of chloramplienicol can be remedied by the
replacement of the nitrobenzene moiety with another which does not have
chie nitro grimp may e yuestionable since ). Rubin, A. 8. Weisberger, and
L. R. Clark [J. Lub. Clin. Med., 66, 453 (1860)] and L. G, Suhrland and A.
S. Weislierger [ihid.. 58, 962 11961)] have shown that the p-CHsS and the
J-C'Ha80:2 analugs cause a dose-related reversible depression of hematopoie-
sis which is stronger than that produced by chloramphenicol. It has to be
liprne in mind, however, that these stulies did not cover the more important,
irreversible aspects of buone marrow toxicity.

(3y F. E. Hahn, J. E. Hayes, C. L. Weissman, Jr., . E. Hopps, and J. E.
Sinadel, Antdiot. Chemothernpy. 6. 531 (1856). M. M. Shemyakin, M. N.
Wolvsity, M. AL Levitov, K. I. Germanova, M. G. Karapetyan, Yu. 1.
Shvetsov, and E. M. Bamdas [Dekl. Akad. Nuuk SSSR, 102, 953 (1955) ]
arrivell at the same conclusion with the statement that “Activity declines
in the series of puree groups frum NO» (v CN, COOCH;, Cl, S0:CH;, and
S8O2N1" Due to a seant anil errpnenns ahstract [Chem. Abstr., 49, 160491
(1847) | this contrilmtion remaineil largely nnnoticed.

(4) <ay D. 8, Morris and 8. D). Smith, J. Chkem, Soe., 1G80 (1954); (1
S, vaa iler Meer, . Kofman, aml . Veldsira, Hece, Prav. Crimn,, T2, 136
(10f3): () DL Krukziener, Thesis, Leiden, 1033,
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moniae, 31; Klebsiella pnewmoniae, 4; Escherichia coli,
4. Aerobacter aerogenes, 2; Proteus vulgaris. 16; Pseu-
domonas aeruginosa, 250. The n wvwwo activity was
determined by inoculating Manor Iarms (MI-1) fe-
male albino mice, weighing 20 g, with a lethal dose
of the test organism and administering the test com-
pound orally twice daily for 3 days starting 0.5 hr after
inoculationn. The objective of this assay was to de-
termine the effective dose (EDso), which would proteet
509% of animals. The following are the EDy's (in
mg/kg): 8. aureus, 70; S. pyogenes, 53; D. pneumoniac,
38, E. coli, 66; K. prnewnoniae, 40; P. vulgaris, 27;
Ps. aeruginosa, 190.

The water solubility of cetophenicol at 25° wus de-
termined to be 297, eight times greater than that of
chloraniphenicol. A comparative evaluation of acnute
toxicities in mice showed cetophenicol (ILDj = 3200
mg/kg po and >400 mg/kg iv) to be oue-half or less
as toxie as chloramphenicol (ILD; = 2600 mg/kg po
and 190 mg/kg iv). Similarly to chloramphenieol,
cetophenicol has bheen reported to be an inhibitor of
induced protein synthesis in wammalian  cell-free
systems.’

Cetophenicol is currently undergoing clinical evalia-
tion,

The antimicrobial efficacy of the p-acyl anidogs of
chloramphenicol appears to decrease with the increasing
molecular weight of the p-acyl group. Thus, while the
isobutyryl derivative II showed only a moderately
decreased activity, the benzoyl compound III and the
cyclohexanecarbonyl analog IV were found to be con-
siderably less active than cetophenicol. As with chilor-
amphenicol,® replacement of the dichloroacetyl group
by the acetyl group (Ib and ITa) results in a stroung de-
crease in antibacterial properties. The n #iro mini-

sy (a) A, S. Weisherger and S, Wolfe, Federation FPrar., 23, HT8 11961,

(1o AL S, Weislerger, T, M. Duniel, amil A, Hoffman, J. fentl. Yed., 120,
T4 (1064),
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TaBLE 1
D-threo-1-(p-ACYLPHENYL)-1,3-PROPANEDIOLS AND DERIVATIVES
e
Rl—©—(|3-—-(|3-—-CHZOR3
OHH
— Caled, % ~——Found, %—

Compd R Re Rs Mp, °C [a]®%D, deg (c)* Formula C H N Cl C H N Cl
1 CHsCO CHCLCO H 125-127 +13.4(1.23) CuHusCLNOs 48,76 4.72 4.38 22.15 48,48 4.86 4.25 22.35
11 (CH3).CHCO CHCLCO H 97-99  +14(0.8) CuHoCLNO:  51.73 5.50 4.02 20.36 51.73 5.50 4.26 20.38
111 CsHsCO CHCLCO 11 160-161 +7.8(0.9)  CisHiCkNOs 56.55 4.48 3.66 18.55 56.84 4,55 3.8l 18.74
v <:>—co CHCLCO 11 163-164 +10.5(1.05) CiHuCLNO«  55.68 5.97 3.61 18.26 355.71 5.86 3.66 18,40
Ia? CH;CO CHCLCO H 130 CuHusCLNOs  48.76 4.72 4.38 22,15 48.70 4.82 4.48 22,04

Ib CHsCO C11:C0 €1 166-167 +7(0.5) CisHi:NO4 62.13 6.82 5.57 61.85 6.95 5.55

Ie CH:CO d 1 139-140 ~24.5(1.55) CnHuNOs 63.14 7.23 6.69 63.03 7.45 6.46

NNHCSNI:
1d CH:C CHCLCO H 176¢ CuHisClN4OsS 42,75 4.62 14,25 18,03 42.74 4.83 14,46 17.89
Ie CH3sCO CHCLCO CO(CH2):C0.H 123-124 CuHisCLNO:  48.59 4.56 3.33 16.87 48.55 4.60 3.35 16.91
If CH:CO CHCLCO CHs(CH)uCO  81-82 CHusCLNOs  62.36 8.12 2.50 12.69 62.10 8,17 2.64 12.77
Ig p-CeHsCOCHs CHCLCO H 187-189 +9.5(0.45) C»HaCLNO;  58.68 4.70 15.75 58.89 4.93 15.62
CH==CHCO

Ih CsHsCH==CHCO CHCLCO H 155-156 +5.5(0.65) CxHeCLNO: 58,84 4.69 17.37 58.71 4.80 17.22

Ila (CH3):CHCO CHsCO H 138-139  +2(1.15) CisHaNOs 64.49 7.58 5.01 64.20 7.58 5.01

1Ib (CH3):CHCO H H 108-109 —22(1.05)  CisHieNOs 65.80 8.07 5.90 66.01 7.96 5.66

IIla  CeHsC(=NH) CH;CO H 186-187 +3.2(0.95)  CisH2oN20s 69.21 6.45 8.97 68.93 6.31 8.74

IIb  CeHsCO CH;CO H 139-140 +5.6(0.95) CisHieNOs 68.99 6.11 4,47 69.16 5.98 4.53
Ille CsHsCHOH CHCRCO H 129-130 +5.5(1.1)  CisHisCLNOs  56.26 4.98 18.46 56.17 5.12 18.25

1Va <:>-co CH:CO H 184-185 +3 (1) CiHzNOs 67.68 7.89 4.38 67.88 8.01 4.60
CHCLCO H 112-113 CxHnCLNOs  55.56 6.29 16.40 55.59 6.52 16.43

!
o Ohe

e Concentration in methanol. ? oL form.
softening but no definite melting up to 320°,

mum inhibitory concentrations are as follows (in
pg/ml): II, S. awreus (WLRI-25), 31; E. coli, 62,
P.yulgaris, 125; 111, IV, Ib, and I1a, S. aureus (WLRI-
25), >125; E. coli, >125.

Experimental Section

Physical constants and analytical values are reported in Table
I. Melting points were determined using the Thomas-Hoover
capillary melting point apparatus which was calibrated against
known standards. The ultraviolet and infrared spectra were
obtained, respectively, with a Beckman DK-1 spectrophotometer
and a Baird Model 455 double-beam instrument. Unless other-
wise stated, the former were determined as solutions in 959
ethanol and the latter as Nujol mulls.

Tetrahydrofuran (THF) used was purified and dried by dis-
tillation from LiAlH,. Prior to evaporation or concentration,
the nonaqueous organic solutions were dried over Na,SOQs. The
evaporations and concentrations were carried ont in vacuo with a
rotary flash evaporator at temperatures not exceeding 30°.

D-threo-2-Acetamido-1-(p-cyanophenyl)-1,3-propanediol was
prepared as described* for the corresponding pL compound:
mp 122.5; [al®p +4.1° (¢ 3, CH;OH); wmax (cm™') 2300
(C=N), 1645 (amide C=0).

Anal. Caled for Ci-H\yN.Os: C, 61.53; H, 6.02; N, 11.96.
Found: C, 61.65; H, 6.17; N, 11.82,

D-threo-1-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-1,3-pro-
panediol (I).—Ethereal CH;Li (300 ml, 0.8 V) was added at 40°
over a period of 4 hr to a stirred solution of 8 g of p-threo-1-(p-
cyanophenyl)-2-acetamido-1,3-propanediol in 600 ml of THF.
After 2 hr of additional stirring, a solution of 100 g of (NH,), 8Os
in 100 m! of water was added over a period of 1 hr. The organic
layer was separated; the aqueous phase was extracted four times
with 200-ml portions of ethyl acetate-THF (1:1). The extracts
were combined with the organic layer, dried (Na.804), and evapo-
rated. The residiue was heated on a steam bath with 300 ml of
109 HaS80, for 3 hr. The solution was cooled, washed twice with
25-ml portions of ethyl acetate, made basic with 209, KOH at
0-5°, and extracted eight times with 400-ml portions of ethyl

¢ At 176° there is a sharp change in color to orange followed by gradual darkening and

acetate. The combined extracts were dried and evaporated.
The residue was refluxed for 4 hr with 13 m! of methyl dichloro-
acetate in 50 ml of methanol. After evaporation, the oily residue
was passed through 100 g of an activated magnesium silicate
column (Florisil) which was eluted with ethyl acetate. The crys-
talline fractions were combined and recrystallized from ethyl
acetate—hexane (1:1) to give 2.8 g of product: Amax [mp (€)]
252.5 (15,750); wmax (cm ™) 1672 (amide C=0), 1693 (ketone
C=0); w53 (¢m~1) 1688 (ketone C=0), 1708 (amide C=0).5

In an alternate procedure, the solution of 1.5 g of D-threo-1-
(p-cyanophenyl)-2-acetamido-1,3-propanediol in THF (400 ml)
was treated with 150 ml of 1 .V ethereal CHzMgl over a period of
23 hr at reflux temperature. The reaction mixture was worked
up as above to give 0.46 g of product.

DL-threo-1-( p-Acetylphenyl)-2-(2,2-dichloroacetamido)-1,3-
propanediol (Ia) was prepared from pi-threo-1-(p-cyanophenyl)-2-
acetamido-1,3-propanediol by the above procedure.

D-threo-1-(p-Acetylphenyl)-2-acetamido-1,3-propanediol (Ib)
was prepared by the above procedure omitting the hydrolysis and
dichloroacetylation steps; wmax (cm™') 1634 (amide C=0) and
1676 (ketone C=0).

D-threo-1-(p-Acetylphenyl)-2-amino-1,3-propanediol (Ic)—A
suspension of 2.5 g of I in 25 ml of 109}, H.80, was heated on a
steam bath for 3 hr. After cooling, the solution was washed with
50 ml of ethyl acetate, made basic with NH,OH at 0-3°, and
extracted five times with 150-ml portions of ethyl acetate.
The combined extracts were dried and concentrated to ca. 25
ml to give on cooling 1.05 g of off-white crystals which were
recrystallized from ethyl acetate; wmax (cm™1) 1678 (ketone
C=0), »8 (¢cm~1) 1682 (ketone C=0).

D-threo-1-( p-Acetylphenyl)-2-(2,2-dichloroacetamido)-1,3-pro-
panedio! Thiosemicarbazone (Id).—A solution of 0.132 g of I and
0.037 g of thiosemicarbazide in 25 ml methanol was refluxed for

(68) The dichloracetamido carbonyl band undergoes a 25-35-cm ~! shift to
higher frequency on passage from mull to solntion (see example 11Ic), The
band of the ketone function shifts only slightly or remains at the same pusi-
tion (see examples Ic and IIh). As a result, the absorption frequency of the
dichliroacetyl cartionyl is believed to he below that of the ketune carbunyl
when determined as a mull anit above it when determineil in solntinn.
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1 hir, treated with 10 ml of 2-propanol, and coneentrated to give
0.11 g of prodnct, vieax (em ™) 1677 (amide C=0).

v=lhrep=1-(p-Acetylphenyl)-2-( 2,2-dichloroacetamido)-1,3-
propanediol 3-Hemisuccinate (Ie). A =<olntiom of 2 ¢ of T and
D.66 g of suceinie anhyvdride in 20 ml of anhydims= pyridine was
heated for 3 hr at S0° "The solvent was evaparated and the
gy residne was dissolved in a =olition of 116 g of NallCOgin
10 ml of water. The sohition wax washed twice with 25 ml of
ethyl acetate and acidified with dilute HHCHo give 1.9 g of prodnct
which was 1(-(-1")'51‘,:111ized from ethyl acetate: viax l(m‘1 1658
famide C==0)), 1682 (ketone C==07, 1722 (earboxyl C==0)), 174N
{ester C= —L),.

v=threo-1-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-1,3-
propanediol 3-Palmitate (If).—Palmitoyl chlovide (7.8 g) was
added dipwise over a period of 10 min o a stirred solution of 8
g ol Tin 25 ml of dry pyridine.  After 3 hr at rom temperature,
100 1l of ethyl acetate was added and the resulting precipitate
wax removed by filtration.  The filtrate was washed with sam-
rated aqueons NaCl=soltion, dried, and evaporated. Crystalliza-
tion of the residue from ether-hexane (1:1 pgave 105 g of white
crystals: pLHE e ) 1690 hroad <1\(-\,<m(: and amide Ce=0)),
and 1730 (ester C===0) ;.

V=lhren=1-[p=( p-Acetylcinnamoyl)phenyl]-2-(2,2-dichloroacet-
amido)-1,3-propanediol (Ig).-—A =olntiom of 1.5 g of Loy 3.2 g ot
p-(2-methyl-13-dioxolan-2-yDbenzaldehyde,” and 1 g of NaOH
m 50 ml of 7077 aqueons methanol was allowed to stand tor 10
hr at room temperature.  After evaporation of the solvent, the
residne was acidified with cold dilnte HCl, wushed with 150 ml of
ether, made basie with N11L,01L, and extracted three tinges with
73-ml portions of ethyl acetate. The combined extracts were
dried and evapoated.  The residne was refluxed with 3 ml of
methyl dichlnoacetate in 2-propanal for 5 b, After evaporation
of the sulvent, the gnmmy vestdne was passed over a H0-g Florisil
colnmn using ethyt acetate as an elnent. Heervstallization of the
combined erystathne fractiong from ethyl acetate yvielded 0.35 g
of off-white crystals: puge (em =20 1608 (aromativy, 1615, 1063
(~CH==CHCO), 1673 (CONIL, 1698 (CHLCO 3 Ngue T Le)!
314 33,0505 2206 112,600,

v=thrin=1-( p-Cinnamoylphenyl)-2-(2,2-dichloroacetamido)-1,3-
propanediol (Th).—-A solition of t.5 g of Te, 3 g of benzaldehyde,
and 5 mlb of 104 agueons NaOll m 40 ml of methanol was
stirred at room temperatire for 4 hr. ‘The reaction mixture was
worked np as in the preparation of lg and recrvstallized from
ethyl acetate—cyclohexane (2:1) to give 0.05 g of “white crvstals:
prlfx’m (em™1) 1668 (ketone C===0)), 1692 {amide C=0); Ann.s
[mg (e)] 310 (25,800), 221 (15,500).

b=threo-1-( p-Isobuty rylpheny 1)-2-amino-1,3-propanediol (IIb).
A solution of 8 g of b-threo-1-(p-cyanophenyl)-2-acetamido-
I,3-propanediol in 100 ml of THE wax added over a period of 15
min ta a stivred solution of isopropyimagnesium bromide (pre-
pared from 0.4 mole of isopropyl bromide and 0.4 g-atom of Mg
in 400 ml of ether; 300 ml of ether was then evaporated and
repliced by 300 ml of 'THF).  After heating at 50° for 3 hr, 40
g of NHLCHin 80 ml of water was added dropwise at 0-3°. The
organie layver was separated and the agneons phase was extracted
fany times with 150-ml portions of ethyl acetate. The extracts
were combined with the organice laver, dried, and evaporated.
The residie was heated with 100 ml of 107, S04 on a stean
hath for 3 hr.  After cooling, the solntion was washed with 100
mtl of ether, made basic with 209, NaOIl at 0-5°, and extracted
five times with 125-ml portions of ethyl acetate. The combined
extracts were dried and evaporated to give 7.2 g of product, which
was reerystallized from ethyl acetate; e (¢ ™!) 1680 (ketone
C=20); BN (em 1) 1680 (ketone C==0): Amgs M (e)] 251
(14,350).

n=threo-1-( p-Isobutyrylphenyl)-2-acetamido-1,3-propanediol

(I1a) was prepared by the above prucedme omitting the hydroly-
sisstep: vield 7 g vaax (em ™) 1637 (amide ('==0), 1672 (ketone
C==0)).

v=hiep=1-(p-Isobutyrylphenyl)-2-(2,2-dichloroacetamido)-1,3-
propanediol (II) was prepared by refluxing 4.4 g of IIb with
7 g of methyl dichloroacetate in 30l of methanol, followed hy
evaparation and  chromatography of the residue on a 100-g
Florisil cohinni with ethyl acetate us eluent; vield 3.8 g; v
{(em Yy 1679 (ketone and amide C=()); V,C.!ff' N emT1) 1680
(ketone C=0), 1703 famide C=0).

(71 The synthesis of this tompuurul is degeribed in a forthicowming ¥io =
Parent by J. Skavel, Jr.oaml G Bobnwaki,

n-threo-1-1p-{ a-Iminobenzoylpheny!)]-2-acetamido-1,3-pro-
panediol (Illa).--Ithereal phenylithinm ('»0 ml, 0.8 N) wax
added diopwise nver a period of 2 e at 35% 1o a stirred =alntion
al .5 g of b=theeo-t0peeyanopheny baZaave tamido- 1-propanediod
i 120 mbof THE. Wiorking np the reactiocmixture analegonshy
to the prepavatione of Loamitting the hydrolysix and dichloro-
acetviation steps, gave 0.0 g of 1)1‘l><111(-l, which wix reervstallized
frony 2eprupanol-neetone (L) 0N fan =1y 1678 (N
and C=0)0 Mgy g (e); 247 lI ) EAt.

D=thren=1- (p-Benzoylphenyl) 2-acetamido-1,3-propanediol
(ITIb) was prepared by heating 0.25 g of IITa with 25 1wl of
water for 2 111, extraering with ethyvl acetate, and reervstallizing
from etbyl acetate—ether (2: 1) vield 015 g: V,‘l‘l\” N em ) 1660
{amide (_.'""t()}, 1673 skl\(-tlme C=20)7 Apav [ () 260 117,570

v=threo=1-( p-Benzoylphenyl)-2-( 2,2-dichloroacetamido j-1,3-
propanediol (III} was prepared by heating 0.8 g of IIla with
H0 mi of 1077 1130, for 2.5 hr, dichloroacetylating and purifving
as in the prepsratiom of T; vield 0.55 ¢ The analytical smmple
was prepared by reayvstallization from ethyl acetate-cyelo-
hexane (1t s Cem ™) 1638 (ketone C=0), 1678 (amide
C=()): V“fl\ (em ™1 1660 (ketone C==0)), 1709 (annde Ce=0) 3
N g Cedd 260 (1N HO0),

1-{p-( «a-Hydroxybenzyl)phenyl]-1-threo-2-(2,2-dichloroacet-
amido)-1,3-propanediols (Illc).—A mixture of 0.5 g of ITI and
0.5 g of KBH; in 10 ml of methanol wax stirred for 3 111 After

evaporation uf the solvent, the residue was dissolved in 25 ml «f
water and extracted three 11111('~ with 25-ml portions of ethyl ace-
tate. The combined extracts were dried and evaporated. The
residine was passed through a 10-g Florisil cohimmn with ethyl nee-
tate ns elent. The combived erystaline fractions were recryvstit-
lized trom 30 ml o ether—vvelohexane (2:1) to give 0.32 g of
white grantles: s, frm=1) 1680 Yamide C=00: #10Y (om 1)
1700 tamide Ce==0010 A [ (e)] 221 (15,750), 255 (500).
n=threo=1-( p-Cyclohexylearbonylphenyl)-2-(2,2-dichloroacet-
amido)-1,3-propanediol (IV)..—A solntion af 8 g of vethreo-1-(p-
evanophenyb-2-acetamido-13-propancdiol in THEF 150 ml) was
added dropwise vver a period of 10 min to a stirred solmtion of
cyelohexyhnagnesinm bromide (prepared from 0.4 mole of evelo-
hexyl bromide and 0.4 gatom of Mg in 350 ml of ether; 250 ml of
ether was then evapurated and replaced by 250 1wl of THE).
The reacticni mixtire was heated for 4 hr at 45° and processed
analogonslty to pracednre 1 oto give 515 g of produet which
wax recrvstalized from ethyl acetate: V,(;Ll;"“\' (em~1) 1679
(ketone C===0), 17080 Gamide C==0j; Apa g (€7 232 (13,7500,
v={hreo=1-( p-Cyclohexylcarbonylpheny!)-2-acetamido-1,3-pro-
panediol (IVa) wius prepaved from 0.5 g of v-theen-1-( p-cyana-
phenybh-2-acetamido-1,3-propanediol according ta the procedure
for IV. ‘Fhe reaction mixture was worked np analogously 1o
the preparation of 1 omitting the hydrolysis nnd diehloroacetyla-
tion steps: yvield 045 g7 vy (om0 1642 (amide (=) 1672
(ketone C=+0): Mooy g (e)l 253 (14,750).
n=threo=1-[p-(2-Cyclohexyl-1,3-dioxalan-2-yl)pheny}] -2-(2,2-di-
chloroacetamido)-1,3-propanediol (IVb).—A solition of 0.75 g
of IV, 4 mi of cthylene glveol, and 0.1 g of p-tolnenesulfonic ncid
i 8 mt of benzene was refluxed tor 12 e with azeotrapic water
entrainment (Dean-Sek trap). After cooling, the solution was
made basie with NILOH, the organie Tuer was separated, and
the aqueois phase was extracted with 50 m of ethyl acetate.
The extract was combined with the organic laver, dried, and
evaporated. ‘The residne was reflnxed with 3 mlb of methyl di-
chloroucetate in 50 ml of ethanol for 4 hr.  The salvents were
evaporated and the residne was triturated with ether ta give
0.55 g of a white crystalline produet which was crystallized from
ether: o (em ™11 1ESE {amide Cas=0): Ao [p () 1ES (14000,
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