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Analogs of chloramphenicol having an acyl group in place of the nitro group have been prepared. The most 
active of the series, D-/fer«)-l-(p-acetylphenyl)-2-(2,2-dichloroacetamido)-l,.:l-i)ropanediol (cetophenieol), was 
found to be a potent antimicrobial agent, active against gram-positive and gram-negative organisms. 

This communication is concerned with, p-acyl analogs 
of chloramphenicol, which were synthesized as a part of 
our program to introduce an acyl group into the aro­
matic moiety of suitable natural products.1 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 
function might result in antimicrobial agents that are 
free of some of the undesirable effects of chlorampheni­
col.2 Hahn, et al.,z suggested a correlation between 
the degree of antimicrobial activity of chloramphenicol 
analogs and the electronegativity of their para substit-
uents. It thus appeared likely that the p-acyl analogs 
could possess considerable antimicrobial activity due to 
the electron-withdrawing properties of the acyl groups. 

The synthetic path chosen involved addition of 
organolithium compounds or the corresponding Grig-
nard reagents to 2-acetamido-l-(p-cyanophenyl)-l,3-
propanediol4 with subsequent hydrolysis and dichloro-
acetylation as shown in Scheme I. Compounds pre­
pared by this method are listed in Table I, which also 
includes some of the intermediates and derivatives 
prepared. 

The most active of the series, D-//ireo-X-[p-acetyl-/J-
hydroxy-a-(hydroxymethyl)phenethyl]-2,2-dichloroa-
cetamide (cetophenicol), was found to be a potent anti­
microbial agent, active against gram-positive and gram-
negative organisms. The minimum inhibitory con­
centrations by a twofold serial dilution test in broth 
are as follows (^g/nil): Staphylococcus aureus (WLR1-
16), 4; S. aureus (WLRI-25), 31; Streptococcus pyog­
enes, 62; Streptococcus faecalis, 10; Diplococcus pneu-

(1) M. von S t r a n d t m a n n , C. Pucha l sk i , and ,1. Shave! , J r . . ./. Med. Cliem.. 
7, 141 (106-1). 

(2) (a) L. S. G o o d m a n a n d A. O i l m a n , " T h e Pha rmaco log ica l Basis of 
T h e r a p e u t i c s , " 3rd ed. T h e M a c m i l l a n Co., N e w York , X . A'., 1965, p 1262; 
( ' . N . Lewis, L. I]. P u t n a m , F . 1). Hendr icks , I. Ke r l an , a n d H . AVelch, 
Antibioi. Chemotherapy, 2, 601 (1952): K. L. Loyd , ibid., 2, 1 (1952); R. G. 
Shaw a n d J. A. M c L e a n , Med. ./. Australia, 1, 352 (1957). (b) T h e impl ica­
t ion t h a t t he undes i rab le effects of ch lo ramphen ico l can be remedied by t h e 
r ep lacemen t of t he n i t robenzene moie ty with a n o t h e r which does not h a v e 
t he n i t ro g roup may be ques t ionab le since D . R u b i n , A. S. Weisberger , a n d 
U. R . Clark [./. Lab. Clin. Med., 86, 453 ( I960) ] a n d L. G. Suh r l and a n d A. 
S. Weisberger [ibid., 58, 962 (1961)] h a v e shown t h a t t h e p - C H i S a n d the 
P-CH3SO2 analogs cause a dose-re la ted reversible depress ion of h e m a t o p o i e -
sis which is s t ronger t h a n t h a t p roduced by ch lo ramphen ico l . I t has t o be 
borne in mind , however , t h a t these st i tdies did not cover t he more i m p o r t a n t , 
i r reversible aspec t s of bone mar row toxic i ty . 

(3l F. E. Ha lm, J, E . Hayes , C. L. Weissman , Jr . , H . E . H o p p s , a n d J . E. 
Smailel , Antibiot. Chemotherapy, 6, 531 (1956). M . M . S h e m y a k i n , M . N . 
Kolosov, M . M. Levi tov , K. I. G e r m a n o v a , AI. G. K a r a p e t y a n , Yu. B. 
Shve t sov , and E. M. B a m d a s [Dokl. Akad. Xauk SSSli, 102, 953 (1955)] 
a r r ived a t the same conclusion wi th t he s t a t e m e n t t h a t " A c t i v i t y declines 
in t he series of para g roups from NO-2 to C N , COOCH3, Gl, SO2CB3, a n d 
S O s N l I j . " Due to a scant and erroneous a b s t r a c t [Chem. Abate., 49, 16049( 
(1955) ] t his con t r ibu t ion remained largely unno t iced . 

(II (a) I ) . S. Mor r i s and S. 1). Smi th , ./. Chem. Sot:., 1680 (1954); lb ! 
S. van der Meer, H. Kofman, and I I . Veldstra , Iter. Tear. Clnm.. 72, 236 
(1953); (r) M . Krukziener , Thes is . Leiden, 1953. 
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nioniae, 31; Klebsiella pneumoniae, 4; Escherichia coli, 
4; Aerobacter aerogenes, 2; Proteus vulgaris, 16; Pseu-
domonas aeruginosa, 250. The in vivo activity was 
determined by inoculating Manor Farms (AIF-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 
inoculation. The objective of this assay was to de­
termine the effective dose (ED5o), which would protect 
50% of animals. The following are the ED50's (in 
mg/kg): S. aureus, 70; S. pyogenes, 53; D. pneumoniae, 
38; E. coli, 66: K. pneumoniae, 40; P. vulgaris, 27; 
Ps. aeruginosa, 190. 

The water solubility of cetophenicol at 25° was de­
termined to be 2%, eight times greater than that of 
chloramphenicol. A comparative evaluation of acute 
toxicities in mice showed cetophenicol (LD50 = 5200 
mg/kg po and >400 mg/kg iv) to be one-half or less 
as toxic as chloramphenicol (LD50 = 2600 mg/kg po 
and 190 mg/kg iv). Similarly to chloramphenicol, 
cetophenicol has been reported to be an inhibitor of 
induced protein synthesis in mammalian cell-free 
systems.5 

Cetophenicol is currently undergoing clinical evalua­
tion. 

The antimicrobial efficacy of the p-acyl analogs 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 chlor­
amphenicol,3 replacement of the dichloroacetyl group 
by the acetyl group (lb and Ila) results in a strong de­
crease in antibacterial properties. The in vitro miui-

(5) (a) A. S. Weisberger a n d S. Wolfe, Federation 1'ror., 23 , 97S (1964); 
fb) A, S. Weisberger , T . M. Daniel , anil A. Hoffman, ./. Krptl. Med., 120. 
172 (1964). 
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TABLE I 

D - t t r e O - l - ( p - A c Y L P H E N Y L ) - l , 3 - P R O P A N E D I O L S AND D E R I V A T I V E S 
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C o m p d 
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H 
H 
H 
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M p , °C 

125-127 
9 7 - 9 9 

160-161 

OHH 

[a]2=D, deg (c)° 
+ 1 3 . 4 ( 1 . 2 5 ) 
+ 1 4 ( 0 . 8 ) 
+ 7 . 8 ( 0 . 9 ) 

F o r m u l a 
C i iHuCl iNO* 
C»Hi»CUNO» 
C i s H u C h X O j 

C 

4 8 . 7 6 4 . 7 2 
5 1 . 7 3 5 .50 
5 6 . 5 5 4 . 4 8 

Calcd, % 
H N CI 

4 . 3 8 2 2 . 1 5 
4 . 0 2 2 0 . 3 6 
3 . 6 6 18 .55 

C 

4 8 . 4 8 4 . 8 6 
5 1 . 7 3 5 .50 
5 6 . 8 4 4 . 5 5 

•Found, %• 
H N CI 

4 . 2 5 2 2 . 3 5 
4 . 2 6 2 0 . 3 8 
3 . 8 1 18 .74 

163-164 + 1 0 . 5 ( 1 . 0 5 ) C I S H J I C I J N O J 5 5 . 6 8 5 . 97 3 . 6 1 18 .26 5 5 . 7 1 5 . 8 6 3 . 6 6 1 8 . 4 0 

130 
166-167 + 7 ( 0 . 5 ) 
139-140 - 2 4 . 5 ( 1 . 

176 ' 
123-124 

8 1 - 8 2 
187-189 + 9 . 5 ( 0 . 4 5 ) 

C13H1SCI2NO4 4 8 . 7 6 4 . 7 2 4 . 3 8 2 2 . 1 5 4 8 . 7 0 4 . 8 2 4 . 4 8 2 2 . 0 4 
C13H17NO4 6 2 . 1 3 6 . 8 2 5 .57 6 1 . 8 5 6 . 9 5 5 . 5 5 
C u H i s N O j 6 3 . 1 4 7 . 2 3 6 . 6 9 6 3 . 0 3 7 . 4 5 6 . 4 6 

Ci4Hi8Cl2N40 sS 
C n H i s C b N O -
C29H4BCI2NO5 
C j l H j l C h N O j 

4 2 . 7 5 4 . 6 2 1 4 . 2 5 1 8 . 0 3 
4 8 . 5 9 4 . 5 6 3 . 3 3 16 .87 
6 2 . 3 6 8 .12 2 . 5 0 1 2 . 6 9 
5 8 . 6 8 4 . 7 0 15 .75 

4 2 . 7 4 4 . 8 3 14 .46 17 .89 
4 8 . 5 5 4 . 6 0 3 . 3 5 1 6 . 9 1 
6 2 . 1 0 8 .17 2 . 6 4 1 2 . 7 7 
5 8 . 8 9 4 . 9 3 1 5 . 6 2 

155-156 
138-139 
108-109 
186-187 
139-140 
129-130 

+ 5 . 5 ( 0 . 6 5 ) 
+ 2 ( 1 . 1 5 ) 
- 2 2 (1 .05) 
+ 3 . 2 ( 0 . 9 5 ) 
+ 5 . 6 (0 ,95) 
+ 5 . 5 ( 1 . 1 ) 

184-185 + 3 (1) 

112-113 

C a H n C h N O * 
C16H21NO4 
CuHi»NOi 
CisH.oNiOa 
C u H i » N 0 4 
Ci8H,eCl2N04 

C u H a N O i 

1 7 . 3 7 5 8 . 7 1 4 . 8 0 17 .22 
6 4 . 2 0 7 . 5 8 5 . 0 1 
6 6 . 0 1 7 . 9 6 5 .66 
6 8 . 9 3 6 . 3 1 8 .74 
6 9 . 1 6 5 . 9 8 4 . 5 3 

18 .46 5 6 . 1 7 5 .12 1 8 . 2 5 

7 .89 4 . 3 8 6 7 . 8 8 8 . 0 1 4 . 6 0 

5 8 . 8 4 4 . 6 9 
6 4 . 4 9 7 . 5 8 5 .01 
6 5 . 8 0 8 .07 5 .90 
6 9 . 2 1 6 . 4 5 8 .97 
6 8 . 9 9 6 . 1 1 4 . 4 7 
5 6 . 2 6 4 . 9 8 

67. 

C2oH»7Cl2NOs 5 5 . 5 6 6 . 2 9 1 6 . 4 0 5 5 . 5 9 6 . 5 2 1 6 . 4 3 

" Concentration in methanol. h DL form. c At 176° there is a sharp change in color to orange followed by gradual darkening and 
softening but no definite melting up to 320°. 

mum inhibitory concentrations are as follows (in 
ug/ml): II, S. aureus (WLRI-25), 31; E. colt, 62; 
P. vulgaris, 125; III, IV, lb, and Ila, 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 95% 
ethanol and the latter as Xujol mulls. 

Tetrahydrofuran (THF) used was purified and dried by dis­
tillation from LiAlH4. Prior to evaporation or concentration, 
the nonaqueous organic solutions were dried over Na2S04. The 
evaporations and concentrations were carried out in vacuo with a 
rotary flash evaporator at temperatures not exceeding 30°. 

D-i/irco-2-Acetamido-l-(p-cyanophenyl)-l,3-propanediol was 
prepared as described4 for the corresponding DL compound: 
mp 122.5; [«] 2 5D +4.1° (c 3, CH3OH); ^max (cm"1) 2300 
( C = X ) , 1645 (amide C = 0 ) . 

Anal. Calcd for Ci2Hi4X203: C, 61.53; H, 6.02; N, 11.96. 
Found: C, 61.65; H, 6.17; N, 11.82. 

D-rtreo-l-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-l,3-pro-
panediol (I).—Ethereal CH3Li (300 ml, 0.8 N) was added at 40° 
over a period of 4 hr to a stirred solution of 8 g of B-threo-l-(p-
cyanophenyl)-2-acetamido-l,3-propanediol in 600 ml of T H F . 
After 2 hr of additional stirring, a solution of 100 g of (XH4)2 SO4 
in 100 ml 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 aceta te-THF (1:1). The extracts 
were combined with the organic layer, dried (Na2SC>4), and evapo­
rated. The residue was heated on a steam bath with 300 ml of 
10% H2SO4 for 3 hr. The solution was cooled, washed twice with 
25-ml portions of ethyl acetate, made basic with 20% KOH at 
0-5°, and extracted eight times with 400-ml portions of ethyl 

acetate. The combined extracts were dried and evaporated. 
The residue was refluxed for 4 hr with 13 ml 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: Xmax [m,u (e)] 
252.5 (15,750); , w (cm"1) 1672 (amide C = 0 ) , 1693 (ketone 
C = 0 ) ; i£«CN (cm"1) 1688 (ketone C = 0 ) , 1708 (amide C = 0 ) . 6 

In an alternate procedure, the solution of 1.5 g of o-threo-1-
(p-cyanophenyl)-2-acetamido-l,3-propanediol in T H F (400 ml) 
was treated with 150 ml of 1 N ethereal CH3MgI 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-^reo-l-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-l,3-
propanediol (la) was prepared from DL-i/ireo-l-(p-cyanophenyl)-2-
acetamido-l,3-propanediol by the above procedure. 

D-t/ireo-l-(p-Acetylphenyl)-2-acetamido-l,3-propanediol ( lb) 
was prepared by the above procedure omitting the hydrolysis and 
dichloroacetylation steps; ymax (cm - 1 ) 1634 (amide C = 0 ) and 
1676 (ketone C = 0 ) . 

D-^reo-l-(p-Acetylphenyl)-2-amino-l,3-propanediol (Ic).—A 
suspension of 2.5 g of I in 25 ml of 10% H2SO4 wras heated on a 
steam bath for 3 hr. After cooling, the solution was washed with 
50 ml of ethyl acetate, made basic with NH4OH at 0-5°, 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 ethvl acetate: »mai (cm - 1 ) 1678 (ketone 
C = 0 ) , »™fN (cm"1) 1682 (ketone C = 0 ) . 

D-t^reo-l-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-l,3-pro-
panediol Thiosemicarbazone (Id).—A solution of 0.132 g of I and 
0.037 g of thiosemicarbazide in 25 ml methanol was refluxed for 

(6) T h e d i ch lo race t amido ca rbonyl b a n d undergoes a 2 5 - 3 5 - c m " 1 shift to 
higher f requency on passage from mul l to solut ion (see example I I I c ) . T h e 
b a n d of t he ke tone funct ion shifts only sl ightly or r emains at t he same posi­
t ion (see examples Ic a n d l i b ) . As a resul t , t h e absorp t ion f requency of t he 
dichloroacetyl ca rbonyl is bel ieved t o be below t h a t of t he ke tone carbonyl 
when de t e rmined as a mull and above it when d e t e r m i n e d in solut ion. 
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1 lii', treated with 10 ml of 2-propanol, and concentrated to give 
0.11 g of product, v,nax (cm - 1 ) 1677 (amide C=<)). 

i)-//i/Yo-l-(p-Acetylphenyl)-2-(2,2-dichloroacetamido)-l,3-
propanediol 3-Hemisuccinate (Ie). A solution of 2 g of I and 
0.(56 g of succinic anhydride in 20 ml of anhydrous pyridine was 
heated for 3 hr at 80°. The solvent was evaporated and I lie 
gummy residue was dissolved in a solution of O.ti g of X'allO'On in 
10 ml of water. The solution was washed twice with 25 ml of 
ethyl acetate and acidified with dilute HC'l to give 1.9 g of product 
which was recrvstallized from ethyl acetate: f,„ax (cm - 1 ) 1658 
(amide C=-0), 10X2 (ketone C=<)'i, 1722 (carboxvl 0 = 0 ) , 1738 
(ester 0 = 0 ) . 

i)-;/!/to-l-(p-Acetylphenylj-2-(2,2-dichloroacetamido)-l,3-
propanediol 3-Palmitate (If).—Palmitoyl chloride (7.85 g) was 
added dropwise over a period of 10 min to a stirred solution of S 
g of I in 25 ml of dry pyridine. After 3 hr at room temperature, 
100 ml of ethyl acetate was added and the resulting precipitate 
was removed by filtration. The filtrate was washed with satu­
rated aqueous NaCl solution, dried, and evaporated. Crystalliza­
tion of the residue from ether-hexanc (1 :1 ; gave 10.5 g of white 
crystals: p'„"P'" (cur1,) 1690 broad (ketone and amide 0 = O ) 
and 1730 (ester C = ( ) ; . 

i)-//ueo-l-[p-(p-Acetylcinnamoyl)phenyl]-2-(2,2-dichloroacet-
amido)-l,3-propanediol (Ig).— A solution of 1.5 g of Ic, 3.2 g of 
/)-(2-methyl-l,3-dioxolan-2-yl)beiizaldehyde,7 and 1 g of XaOH 
in 30 ml of 70 r

( aqueous methanol was allowed to stand for 10 
hr at room temperature. After evaporation of the solvent, the 
residue was acidified with cold dilute IIC1, washed with 130 ml of 
ether, made basic with X l i / J I I , and extracted three times with 
7.")-ml portions of ethyl acetale. The combined extracts were 
dried and evaporated. The residue was refluxed with 3 ml of 
methyl dichloroacetate in 2-propanol for 5 hr. After evaporation 
of the solvent, the gummy residue was passed over a 50-g Florisil 
column using ethyl acetale as an eluent. liecrystallization of the 
combined crystalline fractious from ethyl acetate yielded 0.35 g 
of off-white crvstals: y,„iiv (cm - 1 ) 100s (aromatic), 11)15, 1063 
(-CII=CIICO') . 1673 (OOXII), 1698 (OIM'O): X„m, \mn <d! 

314 133,950), 226 i 12,600). 
D-//oco-l-(/)-Cinnamoylphenyl)-2-(2,2-dichloroacetamido)-l,3-

propanediol (Ih).—A solution of 1.5 g of Ic, 3 g of benzaldehyde, 
and 5 ml of 10' , aqueous XaOH in 40 ml of methanol was 
stirred at room temperature for 4 hr. The reaction mixture was 
worked up as in the preparation of Ig and recrvstallized from 
ethvl acetate-cvclohexane (2: 1) to give 0.05 g of white crystals: 
j w ™ (cm - 1 ) 1668 (ketone 0 = 0 ) , 1602 (amide 0 = 0 ) ; Xm:1I 

IIIIM (e)J 310 (25,800), 221 (13,800). 
D-i/?reo-l-(p-Isobutyrylphenyl)-2-amino-l,3-propanediol (lib). 

- — A solution of 8 g of u-rt«'o-l-(p-cyanophenyl)-2-acetamido-
1,3-propanediol in 100 ml of TI IF was added over a period of 15 
min to a stirred solution of isopropylmagnesium bromide (pre­
pared from 0.4 mole of isopropyl bromide and 0.4 g-atom of Alg 
in 400 ml of ether: 300 ml of ether was then evaporated and 
replaced by 300 ml of THF) . After heating at 50° for 3 hr, 40 
g of XH4C1 in 80 ml of water was added dropwise at 0-5°. The 
organic layer was separated and the aqueous phase was extracted 
four times with 150-ml portions of ethyl acetate. The extracts 
were combined with the organic layer, dried, and evaporated. 
The residue was heated with 100 ml of 10')) H0SO4 on a steam 
hath for 3 hr. After cooling, the solution was washed with 100 
ml of ether, made basic with 20 r

f XaOH at 0-5°, and extracted 
live times with 125-ml portions of ethyl acetate. The combined 
extracts were dried and evaporated to give 7.2 g of product, which 
was recrvstallized from ethvl acetate; vmas (cm - 1 ) 1680 (ketone 
0 = 0 ) ; "»™xCN (cm - 1) 1680 (ketone 0 = 0 ) ; Xmll* [mM (e)] 251 
(14,350). 

iWfcreo-1-(p-Isobutyrylphenyl )-2-acetamido-l ,3-propanediol 
(Ha) was prepared by the above procedure omitting the hydroly­
sis step; yield 7 g: !•„„ (cm - 1) 1637 (amide 0 = 0 ) . 1672 (ketone 
0 = O ) . 

i)-//irco-l-(p-Isobutyrylphenyl)-2-(2,2-dichloroacetamido)-l,3-
propanediol (II) was prepared by refluxing 4.4 g of l i b with 
7 g of methyl dichloroacetate in 50 ml of methanol, followed by 
evaporation and chromatography of the residue on a 100-g 
Florisil column with ethyl acetate as eluent; yield 3.8 g; pmas 

(cm"1) 1679 (ketone and amide 0 = 0 ) ; > w c x (cm - 1 ) 1680 
(ketone 0 = 0 ) , 1703 (amide 0 = 0 ) . 

(71 'file syn thes i s of t ld s c o m p o u n d is descr ibed in a fo r thcoming t o S. 
I 'menl l.y ,1. Shrivel, Jr . , and f l . l iohowski . 

n-threo-1 -; p-{ a-Iminobenzoylphenyl)] -2-acetamido-l,3-pro-
panediol (Ilia).--Ethereal phenyllithium (50 ml, 0.9 .V) was 
added dropwise over a period of 2 hr at .35° to a stirred solution 
of 1.5 g of n-////Yo-]-i/i-!'vauopheny] )-2-acelamido-l,5-propanediol 
in 12(1 mi of Tl 1 F. Working up the react ion mix I lire analogously 
to the preparaliou of I, omitting the hydrolysis and dichloro-
acelylation steps, gave 0.9 g of product which was recrvstallized 
from 2-propanol -acetone (1:1): v','"'rs (cm - 1) 167:! ' 0 - X 
and 0=-OJ: X„l!lS |IUM ie), 247 (15,150). 

D-(/i i•( -o-l -(p-Benzoylphenyl )-2-acetamido-l ,3-propanediol 
(Illb) was prepared by heating 0.25 g of I l i a with 25 ml of 
water for 2 hr, extracting with ethyl acetale, and re-crystallizing 
from ethyl acetate-ether (2:1): yield 0.15 g; v','""vs (cm ') 1660 
(amide 0 = 0 ) , 1673 (ketone 0 = 0 ) : X,U„N [m^ U). 260 (17,350). 

i)-//i reo-1 -(, p-Benzoylphenyl)-2-( 2,2-dichloroacetamido)-l ,3-
propanediol (III) was prepared by heating 0.8 g of I l i a with 
50 ml of 10''f llo8()4 for 2.5 hr, dichloroacetylating and purifying 
as in the preparation of I; yield 0.55 g. The analytical sample 
was prepared by recrystallization from ethyl aeetate-cyclo-
hexane (1:1): p,„:lN (cm - 1 ) 1638 (ketone 0 = 0 ) , 1678 (amide 
0 = 0 ) : ^"fs i cm- ' i 1660 (ketone 0 = ( ) i , 1709 (amide ( '=(.)) ; 
X,,,^ niM ie)j 260 OS, 100). 

l-|p-(a-Hydroxybenzyl)phenyl]-D-//i/(o-2-(2,2-dichloroacet-
amido)-l,3-propanediols (IIIc). -A mixture of 0.5 g of III and 
0.3 g of KBIlj in 10 ml of methanol was stirred for 3 hr. After 
evaporation of the solvent, the residue was dissolved in 25 ml of 
waler and extracted three times with 25-ml portions of ethyl ace­
tate. The combined extracts were dried and evaporated. The 
residue was passed through a 10-g Florisil column with ethyl ace­
tate as eluent. The combined crystalline fractions were recrvstal­
lized from 30 ml of other-cyelohexane (2:1) to give 0.32 g of 
white granules: ?„,„., (cm - 1 ) 16M) (amide 0 = 0 ) : v',"^^ (cm - 1 ) 
1709 (amide 0 = O ) : X„1;l, [HIM («,)] 221 (15,750), 255 (500). 

i)-(/(/co-l-(p-Cyclohexylcarbonylphenyl)-2-(2,2-dichloroacet-
amido)-l,3-propanediol (IV).—A solution of 8 g of u-lhreo-\-(p-
cyanophenyl)-2-acelamido-!,3-propanediol in TI IF (50 ml) was 
added dropwise over a period of 10 min to a stirred solution of 
cyelohexylmagnesium bromide (prepared from 0.4 mole of cyclo-
hexyl bromide and 0.4 g-atom of Mg in 350 ml of ether; 250 ml of 
ether was then evaporated and replaced by 250 ml of TIIF) . 
The reaction mixture was heated for 4 hr at 45° and processed 
analogously to procedure I to give 5.15 g of product which 
was recrvstallized from ethyl acetale: v"'fs (cm"1) 1679 
(ketone 0 = O ) , 1709 (amide 0 = 0 ) ; X,,,.,,. [m/i (e)] 252 (13.750). 

]>-(// rco-l-(, p-Cyclohexylcarbonylpheny])-2-acetamido-l,3-pro-
panediol (IVa) was prepared from 0.5 g of o-//i/'co-l-(p-cyano-
phenyD-2-acetamido-l,3-propanediol according to the procedure 
for IV. The reaction mixture was worked up analogously to 
the preparaliou of I omitting the hydrolysis and dichloroacetyla-
tion steps: yield 0.45 g; i/,„ilN (cm"1) 1642 (amide 0 = O ; , 1672 
(ketone 0 = 0 ) : X,„,,.v ni/i u ) ; 253 (14,750). 

i)-(/!/eo-l-[p-(,2-Cyclohexyl-l,3-dioxalan-2-yl)phenyl]-2-(2,2-di-
chloroacetamido)-l,3-propanediol (IVb).—A solution of 0.75 g 
of IV, 4 ml of ethylene glycol, and 0.1 g of /Moluenesulfonic acid 
in 80 ml of benzene was refluxed for 12 hr with azeotropic water 
entrninment (Dean-Stark lra]>). After cooling, the solution was 
made basic with XII4OH, the organic layer was separated, and 
the aqueous phase was extracted with 50 ml of ethyl acetate. 
The extract, was combined with the organic layer, dried, and 
evaporated. The residue was refluxed with 3 ml of methyl di­
chloroacetate in 50 ml of ethanol for 4 hr. The solvents were 
evaporated and the residue was triturated with ether to give 
0.55 g of a white crystalline product which was crystallized from 
ether: c,,,,,, iem-1> 1686 (amide 0 = 0 ) : X„,ax [mM (t)] I 18 (I 1,400). 

Acknowledgment.—The authors are indebted to the 
Microbiology Department under the supervision of 
Mr. B. S. Schwartz, the Analytical and Physical 
Chemistry Department under Mr. A. D. Lewis, and 
the Chemical Development Department under Dr. 
A. W. Ruddy. In particular we wish to thank Messrs. 
F. Turner, J. M. Daly, and P. J. Storino and Dr. S. 
Ringel for the microbiological testing, Mr. R. Xovack 
for large-scale preparation of intermediates, and Messrs. 
R. Puchalski and T. Wildemann and Mrs, IT, Zeek for 
analytical and spectral data. 


