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oil separated. Tlie mixture was stirred cold (ice-batl) for
one liour and thien for 2 hours at room temperature. After
adding just enough water to dissolve the solid salts that had
formed, the two liquid layers were separated. The aqueous
layer was extracted well with ether and the ether washings
were added to the original oil. This ether solution was
washed well with saturated sodium bisulfite solution, water,
saturated brine and then dried over anhydrous magnesium
sulfate, After filtering, the ether solvent was removed
under reduced pressure with very gentle external heating
aud the residual oil dried to constant weight. The yield of
crude colorless product was 270 g. This could not be dis-
tilled and thus was used directly in the followiug prepara-
tions without further purification.

N-Methyl-y-cyano-y-valerolactam.—(Procedure A) A
solution of 34.2 g. (0.2 mole) of ethyl y-cyano-y-hydroxy-
valerate and 20 cc. (0.5 mole) of methylamine in 50 cc. of
12A alcohol was heated in a bomb for 8 hours at 125°. The
solvent was removed on a steam-bath under reduced pressure
and the residual red oil was distilled to give 23.3 g. (859%,) of
a faint yellow oil, b.p. 102-103° at 1.7 mm., #%»p 1.4793.
This was redistilled to give 19.8 g. of product, b.p. 107-109°
at 2.8 mm., n¥p 1.4785.

Anall™ Caled. for C?HlON‘ZO: N, 20.28.
20.28.

N-Butyl-y-cyano-y-valerolactam.—(Procedure B) A solu-
tion of 6.00 g. (0.035 mole) of ethyl y-cyano-y-hydroxy-
valerate and 2.90 g. (0.04 mole) of n-butylamine was al-
lowed to stand about 16 hours at room temperature. The
two layers which had formed were separated and the or-
ganic layver was dissolved in 50 cc. of 12A alcohol and the
solution was refluxed 15 hours. After standing overnight
at room temperature the solvent was removed under re-
duced pressure. The residual oil was dissolved in ether and
the ether solution washed with 59; hvdrochloric acid, water,
saturated brine, clarified with Darco and dried over anhy-
drous magnesium sulfate. After filtering, the solvent
was removed to give 4.20 g. of a crude oil. This was dis-

Found: N,

(17} Analysis by E. F, Shelberg and staff, Abbott Laboratories.
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tilled to give 2.28 g. (31.6%%) of a colorless oil, b.p. 07-08.:°
at 0.5 mm., n2%p 1.4642,

Anal ' Caled. for CpHiN:0: C, 66.63;
15.55. Found: C, 66.78; H, 8.70; X, 15.13.

N-(8-Cyanoethyl)-vy-cyano-y-valerolactam.—A mixture of
5.60 g. (0.045 mole)} of y-cyano-y-valerolactam, 2.30 g.
(0.047 mole) of acrylonitrile and one pellet of sodium liy-
droxide was warmed gently on a steam-bath with occasional
shaking until liquefaction had taken place. Heating was
tlien continued for an additional 30 mninutes. Tlie resulting
sirup was cooled and scratched until it solidified. Re-
crystallization from 3A alcohol gave 2.97 g. of colorless
needles, m.p. 78-80°. Froimn the mother liquor was isolated
an additional 0.53 g. of product, m.p. 72-80°, making a total
vield of 43.99,. A further recrystallization from 3A alcohol
gave colorless prisms, m.p. 75-77°.

Anall® Caled. for C;HN;O: N, 23.71.
23.87.

Ethyl y-Cyano-y-dimethylaminovalerate.—A solution of
60.0 g. (0.575 mole) of sodium bisulfite and 72.0 g. (0.5
mole) of ethy] levulinate in 150 cc. of water was stirred 2
hours at room temperature. To this was added 135 g.
(0.75 mole) of a 25% solution of dimethylamine and the re-
sulting solution stirred 2 liours at room temperature. After
tlie addition of 28.2 g. (0.575 mole) of sodium cyanide there-
sulting mixture was stirred two hours at room temperature.
Sufficient water was added to dissolve the solids that had
formed and the layers were separated. After extracting
the agueous phase three times with ether the combined or-
ganic layers were washed with water and dried over anhy-
drous magnesium sulfate. After filtering, the ether was
remnoved under reduced pressure and the residual oil was
distilled to give 10.1 g. (149,) of recovered ethyl levulinate,
3.8 g. of an intermediate fraction and 37.2 g. (37.8%;) of the
desired product, b.p. 130-132° at 15 mm., n%p 1.4462.

Anal  Caled. for CiaHisN202: N, 14.13. Found: N,
14.02.

NorTH CHICAGO, ILLINOIS
PHILADELPHIA, PENNSYLVANTA

H, 8.95; X,

Found: N,
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Several compounds related to pL-threo-1-biphenylyl-2-dichloroacetamido-1,3-propanediol have been synthesized.

Tliese

include analogs having thiophene, 2-methylthiophene and 2-methylfuran groups substituted for the phenyl attached to the

side chain.
are also given,

The demonstration of the marked antibacterial
activity of Dp-threo-1-biphenylyl-2-dichloroacetam-
ido-1,3-propanediol and of the corresponding race-
mic p-methylbiphenylyl and p-bromobiphenylyl
derivatives? has motivated the preparation of a
number of related compounds Ia, Ib, Ic, Id and Ie.
These include the p-methoxybiphenylyl analog, as
well as compounds having either or both of the
phenyl rings replaced with heterocyclic aromatic
rings. The syntheses of 2-dichloroacetamido-1-(2-
naphthyl)-1,3-propanediol ~and its 4-nitro-1-
naphthyl analog have previously been described by
Long and Troutman? while Feitelson, et al.,* have

(1) Parke, Davis & Company registered trademark for chloram-
plienicol.

(2) M. C. Rebstock, C. D. Stratton and I.. L. Bambas, TuIs JoUR-
~NAL, 77, 24 (19353).

(3) L. M. Long and H., D. Troutman, tbid., 78, 542 (1951).

(4) B. N. Feitelson, J. T. Gunner, R. J. Moualim, V. Petrow, O.
Stephenson and 8. W. F. I'nderhill, J. Pharm. Pharmacol., 8, 149
(1951).

The preparations of 1-(4’-methoxybiphenylyl)- and 1-(2-bromobithieny1)-2-dichloroacetamido-1,3-propanediol

prepared the 2-quinolyl compounds. In a recent
publication Morris and Smith® outlined the synthe-
sis of 1-(p-thiazoylphenyl)-2-dichloroacetamido-1,3-
propanediol.

}fHCOCHClg

Ar— CHOH—CH--CH.OH
1

(a) $-CH;0—CeH,—C¢Hs—
|;—l 1"’_“
(b) CGH.‘:—‘\S‘M-

() CHe J—cu,

’l R o
I |
l

() Brl"S S

(c) CyH;— ‘;—CH:¢ 8

8

Starting materials for the synthesis of these com-
pounds were the corresponding biaryls: 2-pheny!-

(3 D.S. Morrisand S, D, Smith, J. Chenr. Soc., 1580 (1(54).
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thiophene,® 2-methyl-5-phenylthiophene,’ 2-
methyl-3-phenylfuran,” 2,2’-bithiophene® aud p-
methoxybiphenyl. A modification of the versatile
method described by Long and Troutman! for the
synthesis of Chloromycetin and other substituted
2-phenyl-2-dichloroacetamido-1,3-propanediols was
employed in the preparation of the biaryl related
compounds (I). The biaryls were first converted to
a-bromomethyl ketones which readily gave hexa-
methylenetetramine salts. Acid hydrolysis of the
complexes yielded biaryl-a-aminomethyl ketone
hydrohalide salts which were converted without
further purification to the more stable biaryl-a-
dichloroacetamidomethyl ketone intermediates.
Hydroxymethylation of these products followed by
the Meerwein—Verley—Ponndorf reduction of the
carbonyl groups gave the desired racemic 1-biaryl-
2-dichloroacetamido-1,3-propanediols.

The a-bromomethyl ketones were prepared when
possible in a one-step Friedel-Crafts reaction in
which the biaryl and bromoacetyl bromide were
condensed with the aid of aluminum chloride. Un-
der these conditions 2,2’-bithiophene and 2-methyl-
5-phenylfuran reaction mixtures decomposed.
Methyl ketone derivatives of these biaryls were
prepared by condensation with acetic anhydride in
the presence of a catalytic quantity of phosphoric
acid in the former case, while aluminum chloride
was used in the latter example. The use of phos-
phoric acid in the preparation of 2-acetothienone
has been described by Hartough and Kosak.!!

When one equivalent of bromine was added to a
methanol solution of 2,2’-(5-acetyl)-bithiophene,
ring bromination occurred. Addition of a second
equivalent of bromine gave 2,2’-(5-bromo-5'-a-
bromoacetyl)-bithiophene.  Since 1-(4’-bromobi-
phenylyl)-2-dichloroacetamido-1,3-propanediol  is
nearly as active an antibacterial agent as the unsub-
stituted biphenyl compound, no attempt was made
to remove the ring halogen; the 2,2’-(5-bromo)-bi-
thiophene group being considered analogous to the
4'-bromobiphenylyl radical.

Bromination of the acetyl derivative of 2-methyl-
5-phenylfuran gave an oily product which was im-
mediately converted to the crystalline hexamethyl-
enetetramine complex. The structure was verified
by characterization of the dichloroacetamido deriva-
tive of the a-aminoacetyl-2-methyl-5-phenylfuran
intermediate and subsequent products in the syn-
thesis,

A comparison of the ultraviolet absorption spec-
tra!? of the various biaryl-a-dichloroacetamido-3-
hydroxypropionyl compounds and their Meerwein—
Verley—Ponndorf reduction products was useful in
determining the position of substitution in certain
of the Friedel-Crafts syntheses. The ultraviolet
absorption data for certain of the key products and

(6) M. Gomberg and W. E. Bachmann, Tuis JoUrNAL, 46, 2339
(1924).

(7) C. Paal, Ber., 18, 369 (18853).

(8) C. Paal, ibid., 17. 66, 2757 (1884).

(9) W. Steinkopf and J. Roch, Ann., 482, 260 (1930).

(10) I.. M. Long and H. D. Troutman, THis JoURNAL, T1, 2469
(1949).

(11) H. D. Hartough and A. L. Kosak, ibid., 69, 3093 (1948).

(12) We are indebted to Dr. J. M. Vandenbelt and Miss Carola Hen-

rich and co-workers of these laboratories for the ultraviolet absorption
studies presented in this paper.
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model compounds have been summarized in Table
I. The 2-(dichloroacetamido)-1,3-propanediol-sub-
stituted 2-phenylthiophene has an absorption maxi-
mum at A292 my, €16,200. The absorption spec-
trum of this compound is nearly identical with that
of 2-methyl->-phenylthiophene, and the observed
absorption is essentially due to the phenylthiophene
nucleus. The a-dichloroacetamido-g-hydroxypro-
pionyl derivative of 2-phenylthiophene has absorp-
tion maxima at A334 my, 622,000 and 2231 mpu
€10,400. This spectrum is characteristic of the 2-
phenylthiophene system substituted with an acyl
group in the 5-position of the thiophene ring. The
assignment follows from the method of preparation
of the key intermediate, 5-bromoacetyl-2-phenyl-
thiophene. When bromoacetyl bromide and phen-
ylthiophene are condensed under the usual condi-
tions of the Friedel-Crafts reaction, the latter com-
pound is the main product of the reaction.

In 2-methyl-5-phenylthiophene both a-positions
of the heterocyclic ring systems are substituted, and
acylation must occur in the §-position of the thio-
phene ring or in the benzene ring. It was hoped
that phenyl substitution would occur since this
intermediate would be useful in the preparation of
the analog of 1-(4’-methylbiphenylyl)-2-dichloro-
acetamido-1,3-propanediol having a 2-methylthio-
phene radical substituted for the terminal p-tolyl
group. With this compound for study together
with the phenylthiophene analog previously de-
scribed, a comparison could be made of the effect of
substituting a thiophene nucleus for each of the
phenyl groups of the biphenyl compound. In the
event substitution occurred in the 3-position of the
thiophene ring, the product would be useful in the
synthesis of one of the 8-analogs of 1-(5-phenyl-2-
methylthienyl) -2-dichloroacetamido- 1,3 - propane-
diol.

To determine in which ring substitution occurred,
a comparison of the ultraviolet absorption spectra
of the a-dichloroacetamido-B-hydroxypropionyl-2-
methyl-3-phenylthiophene and acetyl-2-methyl-5-
p-tolylthiophene was made. The latter compound
was prepared by condensing 2-methyl-5-p-tolyl-
thiophene with acetyl chloride under conditions
similar to those used in the preparation of the 2-
methyl-5-phenylthiophene bromoacetyl intermedi-
ate. The marked similarity of the ultraviolet ab-
sorption spectra of these compounds indicated that
acylation occurred in the same position in both mol-
ecules (see Table I). Since the pare position was
blocked in the model p-tolylthiophene compound,
substitution at this position in 2-methyl-5-phenyl-
thiophene is excluded. Meta or ortho substitution in
the phenyl nucleus is theoretically unlikely, and
only the beta positions of the thiophene nucleus re-
main for consideration. It has not been rigorously
established which of the two 8-positions is involved.

Although model compounds were not available
for a similar study in the 2-methyl-5-phenylfuran
series, the ultraviolet absorption curves of the a-
dichloroacetamido-g-hydroxypropionyl biaryl and
the corresponding Meerwein—Verley—Ponndorf re-
duction product were analogous to the absorptinn
curves of the 2-methyl-5-phenylthiophene deriva-
tives and warrant similar conclusions concerning
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TABLE I
Amax oy
s MeInflection,

Componcd mpy e X 10" Npax, 1hpu e X 103
2-Methyl-5-pheunylthioplicue 225% .2 291 1G.2
1-(5-Phenyl-2-thienyl) -2-(dichloroacetamido) - 1 ,3-propancdiol 229 7.3 202 16.2
2-[a-(Dichloroacetamido)-3-hydroxypropionyl]-5-phenvithiophene 231 10.4 334 22.0
1-[5-(5-Bromo-2-thienyl)-2-thicuyl]-2-(dichloroacetamido)-1,3-propanediol 250* 3.5 320 17.0
2-[a-(Dichloroacetamido)-g-hydroxypropionyl]-5-(5-bromo-2-thienyl) -thiophene 255 6.9 362 23.8
2-Methyl- 5-p-tolylthiophene 226* 6.8 292 17 .4
Ar-Acetyl-2-methy]-5- p-tolylthiophene 272 20.9 287 1.1
1-(2-Methyl-5-phenyl-3(or 4)-thienyl)-2-(dichloroacetainido)-1,3-propanediol 228% 8.0 205 141
%(or 4)-[a-(Dichloroacetamnido) -3-hydroxypropionyl]-2-niethyl-3-

phenylthiopheue 254 30.9 287 13.5
1-(2-Methyl-5-phenyl-3(or 4)-furyl)-2-(dichloroacetamido)-1,3-propanediol 223 % 9.4 288 19.3
3(or 4)-[a~( Dichloroacetamido)-8-hydroxypropionyl]-2-methyl-5-phenylfuran 218 27.4 280 24 ()

TaBLp ITH

1-BIARVYL-2-DICHLOROACETAMIDO-1,3-PROPANEDIOLS AND INTERMEDIATES UUSED IN PREPARING

CH,0OH Tuese CoMPOUNDS
ArCHOH--CH —NHCOCHC (1)
Amnalyses, %
Carbon Hydrogen Nitrogen
Ar M.p., °C. Formula Caled. Found Caled. Found Caled. Found
5-Phenyl-2-thienyl 138-139 Ci:H1:CLINO;S 50.01 50.19 4.20 4.31 3.89 4.07
2-Methyl-3-phenyl-3(or 4)-thienyl(a) 108-109 Ci1eH1:CLLNOsS 51.34 51.35 4.58 4.92 3.75 4.00
2-Methyl-5-phenyl-3(or 4)-furyl 69-70 CieH\;CLLNOg-H,O 51,08 51.43 5.18 4.8 3.72 3.77
2-(5-Bromo-2-thienyl)-5-thiopliene 113-114 CisHp;BrClLNO;S  35.07 35.30 2.72 3.09 3.15 3.08
4’-Methoxy-4-bipheuylyl 143.5-144  C;sH;,CluNO;, 56.26 56.38 4.98 4.97 3.65 3.70
ArCO—CH,;NHCOCHCY, (IT)
5-Phenyl-2-thienyl 179-180 CisH; CLLNO,S 51.23 51.16 3.38 3.43 4.27 4.22
2-Methyl-5-phenyl-3(or 4)-thienyl(a) 147-148 Ci:H13CLNO.S 52.64 52.67 3.83 4.11 4.09 4.03
2-Methyl-5-plienyl-3(or 4)-furyl(b) 135.5-136 Ci:H;3ClLNO; 55.23 H5.18 4.02 4.50 4.29 4.42
2-(5-Bromo-2-thienyl)-5-thiopheue 188-190 C,:HsBrCI,NO.S 34.88 35.04 1.95 2.22 3.39 3.31
4’-Methoxy-4-biphenylyl(c) 181--182 CisH5CLNO; 57.91 H7.98 4.20 4.55 3.98 4.08
CH,0OH
ArCO—CHXNHCOCHCI, (III)
5-Phenyl-2-thieuyl(a) 165-166 CisH3ClLNO;S 50.29 50.48 3.66 3.30 3.91 3.84
2-Methyl-3-phenyl-3(or 4)-thienyl(b) 133.5-134.5 CisH;sCLNOS 51.62 51.44 4.06 4.41 3.76 3.68
2-Methyl-5-phenyl-3(or 4)-furyl(c) 187-188 CisH;CluNOy 53.95 54.11 4.24 4.41 3.93 3.84
2-(5-Bromo-2-thienyl)-5-thiophene(d) 168-169 CisH;(BrCl,N0O;S:  35.23 35.34 2.28 2.38 3.16 3.12
4’-Methoxy-4-biphenvlyl 178.5-179.5 C;H;CLNO, 56.56 56.26 4.48 4.43 3.67 3.53

the course of substitution in the Friedel-Crafts re-
action. The assignment of the acyl group to the
furan ring is further supported by a synthesis of
2,5-diphenyl-3-acetylfuran which is described by
Lutz and Rowlett.1?

The ultraviolet absorption spectra data of the «-
dichloroacetamido-g-hydroxypropionyl derivatives
and Meerwein—Verley—Ponndorf reduction prod-
ucts of the 2-bromobithiophene compounds are also
summarized in Table I. It is of interest to com-
pare these curves with the absorption curves of 1-
(5-phenyl- 2-thienyl)-2-dichloroacetamido- 1,3 - pro-
panediol and its ketone intermediate. The shifting
of the absorption of the carbonyl substituted biaryl
toward the longer wave lengths in each case is of
course indicative of the change in resonance char-
acteristics due to the substitution of the carbonyl
function in the a-position of the thiophene nucleus.

{13) R. A. I.utz and R. J. Rowlett, THIS JOURNAL, 70, 1359 (1948).

(14) Ethylene dichloride was used in the recrystallization of analyti-
cal samples with the following exceptions: (Ia and IIa) ethanol, (IIb)
ethylene dichloride, ethanol, (IIc) ethanol, ethylene dichloride, ethyl
acetate, {IITa) ethylene dichloride, ethyl acetate, (IIIb and IIIe)

ethyvlene dichloride, ethanol, (IIIc) ethyl acetate, ethanol and (ITId)
ethanol, ethylene dichloride.

The compounds described were tested for anti-
bacterial, antiviral and antifungal activity. The
4’-methoxybiphenylyl analog had i vitro antibac-
terial activity similar to that of pL-#kreo-1-biphen-
ylyl-2-dichloroacetamido-1,3-propanediol.? In in
vitro antibacterial tests, 1-(5-phenyl-2-thienyl)-2-
dichloroacetamido-1,3-propanediol showed slight
activity against four out of twenty-eight strains of
bacteria. The 2-bromothienyl analog, Ie, was
slightly active against six organisms in the above
group, while the 3-methylfurylphenyl, Id, and 5-
methylthienylphenyl analogs, Ic, were inactive
against a group of six strains of bacteria which are
sensitive to Chloromycetin.

Although the above Chloromycetin related com-
pounds can exist in two racemic forms, only a single
racemate was obtained as a pure crystalline entity
from the Meerwein—Verley—Ponndorf reduction of
the ketone intermediates. Since the p-methoxybi-
phenylyl compound, Ia, had activity comparable to
that of the 1-(4'-methylbiphenylyl)-2-dichloroace-
tamido-1,3-propanediol, it is thought that this
compound has the threo configuration. The p-
methylbiphenylyl ervthro compound is without ap-
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appreciable antibacterial activity. The present
evidence is insufficient for a definite assignment of
configuration to the heterocyclic biaryl derivatives.
It can, however, be pointed out that in all the ex-
amples known to date in which a ketone interme-
diate of the «-dichloroacetamido-B-hydroxy substi-
tuted propiophenone type was reduced using Meer-
wein conditions, the threo isomer was obtained as
the main product. For this reason it is probable
that certain of the mixed biaryl derivatives have
the threo configuration, particularly in those cases
where the compounds exhibited antibacterial ac-
tivity. In instances where the yields of reduced
product were low, the possibility that the material
1solated represented the erythro isomer was consid-
ered, although in each case the poor yield could also
be attributed to a fundamental instability of the
ketone intermediates as well as of the final product
of the reduction.

Experimental

5-Phenyl-2-a-bromoacetothienone.—To 86 g. of 2-phenyl-
thiophene® and 120 g. of bromoacetyl bromide in 250 ml. of
carbon disulfide was added 66 g. of aluminum chloride in
portions during 45 min. The reaction mixture was refluxed
for 2.5 hr. longer, then quenched on a mixture of ice and 50
ml. of concentrated HCl. The product was extracted into
ca. 800 ml. of ethyl acetate. The ethyl acetate was washed
three times with water, dried over anhydrous magnesium
sulfate, and evaporated. The residue was recrystallized
from ligroin. To remove color the product was dissolved in
hot ethanol, treated with Norite® and then crystallized by
chilling to yield 25 g. of crystalline material which melted at
110-115°. An analytical sample was prepared by a final
recrystallization from ethanol and melted at 115-116°,

Anal. Caled.for C;;HyBrO:S: C,51.26; H,3.23. Found:
C, 51.20; H, 3.41.

a-Bromoacetyl-2-methyl-5-phenylthiophene . —Treatment
of 35 g. of 2-methyl-3-phenylthiophene’ with bromoacetyl
bromide under the above conditions gave a crystalline prod-
uct in 12 g. vield which analyzed for the presence of two
bromomethyl ketone side chains, m.p. 138-139°. The de-
sired monobromoacetyl derivative of 2-mmethyl-5-phenyl-
thiophene was not isolated as a pure entity. When the 45 g.
of gummy residue remaining from evaporation of the mother
liquors of the above product was treated with hexamethyl-
enetetramine in chloroform solution, a crystalline complex
was obtained. This substance underwent acid hvdrolysis
in the usual manner and the amino ketone hvdrochloride
product was characterized by conversion to the dichloro-
acetamide. Recrystallization of the crude amide from eth-
anol gave 10.7 g. of essentially pure a-dichloroacetamido-
acetyl-2-methyl-5-phenylthiophene, m.p. 146-148°.

Acetyl-2-methyl-5-p-tolylphenylthiophene.—2-Methyl-5-
p-tolylthiophene was prepared in the same manner as 2-
methyl-5-phenylthiophene. The synthesis of the latter
compound by heating levulinylbenzene with phosphorus
pentasulfide was first described by Paal.,” In the present
synthesis, the corresponding levulinyltoluene was emploved
to give a product melting at 44.5-45° after three recrystalli-
zations from absolute ethanol.

Anal. Caled. for C2H;3S: C, 76.54; H, 6.42. Found:
C, 76.17; H, 6.48.

Acetyl] chloride was condensed with the above biaryl in
carbon disulfide solution with the aid of aluminum chloride.
The details of the synthesis are similar to those described in
the preparation of 5-phenyl-2-bromoacetothienone. The
analytical sample was recrystallized from isopropyl alcohol
to a melting point of 103.5-104.5°.

Amnal. Caled. for C4H;,058: C, 73.01; H, 6.13. Found:
C, 73.31; H, 6.01.
5-(5'-Bromo-2’-thienyl)-2-a-bromoacetothienone.—5-(2'-
Thienyl)-2-acetothienone was prepared by heating 73 g. of
2,2'-bithiophene with 49.4 g. of acetic anhydride containing
1 ml. of 859, phosphoric acid for 3 hours on the steam-bath.
The reaction mixture was then diluted with 500 ml. of water
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and extracted with 1 1. of ethyl acetate. The ethyl acetate
extract was shaken with saturated sodium bicarbonate solu-
tion until neutral, then washed with water and dried and
evaporated. A solution of the orange residue in 450 ml. of
benzene when kept for 20 hours in the refrigerator yielded a
mixture of 17.0 g. of mono and diacetylation products.
Separation of the latter compound was achieved by redissolv-
ing in 250 ml. of benzene and refrigerating for 3 hours. A
yield of 4.4 g. of product (m.p. 228-230°)% was filtered off.
Refrigeration of the filtrate overnight gave 0.5 g. of addi-
tional material, The mother liquor was combined with the
mother liquor from which the 17 g. had originally separated
and evaporated. The residue was dissolved in absolute
ethanol, boiled with norite and filtered. A total of 39 g. of
crude 5-(2'-thienyl)-2-acetothienone was obtained (m.p.
108-111°),

Bromination was carried out in two steps. To 37 g. of
the above monoacetyl product was added 30 g. of bromine
dropwise during 10 min. The temperature was kept at 12°
by means of a cooling bath. After the bromine had been
added, the reaction mixture was allowed to return to room
temperature and stirred for 1.5 hr. longer. The yellow crys-
talline product was filtered off and recrystallized from 500
ml. of ethylene dichloride to give 30.5 g. (m.p. 170-172°) of
5-(5’-bromo-2-thienyl)-2-acetothienone.

Anal. Caled. for CioHiBrOS;: C, 41.81;
Found: C, 42.02; H, 2.77.

The presence of the bromine in the ring rather than on the
methyl group adjacent to the carbonyl was indicated by
failure of the compound to react with hexamethylenetetra-
mine. The above product was suspended in 500 ml. of
chloroform and stirred at 22° for 30 min. while an additional
equivalent of bromine was added dropwise. The bromina-
tion mixture was stirred for 30 min, longer, then the chloro-
form was removed at reduced pressure. The residue was
crystallized from absolute ethanol to give 34 g. of product
melting at 108-112°, A single recrystallization from ethyl
acetate yielded 33.0 g. (m.p. 125-127°) of essentially pure
5-(5'-bromo-2’-thienyl)-2a-bromoacetothienone. An ana-
lytical sample was prepared by recrystallization from a ben-
zene—low boiling petroleum ether mixture (m.p. 128-129°).

Anal. Caled. for CigHeBr;0S,: C, 32.81; H, 1.65.
Found: C, 32.42; H, 1.96.

Bromoacetyl-2-methyl-5-phenylfuran.—Acetyl 2-methyl-
5-phenylfuran was prepared by treating a mixture of 51 g.
of 2-methyl-3-phenylfuran and 30 g. of acetic anhydride in
carbon disulfide solution with 51 g. of aluminum chloride.
The last material was added portionwise as described in a
preceding example. The product was isolated as usual and
distilled at 115-118° (0.5 mm.) to give 32.7 g. of the methyl
ketone derivative. One equivalent of bromine was added
dropwise to a chloroform solution of the ketone at 36-40°
during 30 min, After stirring at room temperature for 30
min. longer, the chloroform was evaporated and the oily re-
sidue taken into ethyl acetate, washed to neutrality with
saturated aqueous sodium bicarbonate solution, then finally
washed with water and dried and evaporated. The dark
brown oil obtained at this point appeared to be unstable
and was therefore immediately converted to the hexamethy-
lenetetramine complex by dissolving in 100 ml. of chloro-
form and stirring with 20 g. of hexamethylenetetramine
overnight. Tlie product was filtered on a buchner funnel
and wa)shed with ether to remove most of the color (yield
28.7 g.).

a-Dichloroacetamidomethylbiaryl Ketone Intermediates
(II).—Hexamethylenetetramine complexes of the a-bromo-
methyl-ketones were prepared in chloroform solution in the
usual manner.® The products were isolated by filtration
and hydrolyzed without purification with mixtures of con-
centrated hydrochloric acid and ethanol. Of the amino-
ketones prepared in this manner, only the 5-phenyl-2-a-
aminoacetothienone hydrochloride was recrystallized for
analysis.

H, 2.46.

Amnal. Caled. for CuH;CINOS: C, 56.80; H, 4.77; N,
5.52. Found: C, 56.60; H, 4.80; N, 5.32.

To conserve material the crude amino ketone hydrochlo-
rides were suspended in dimethylformamide solution and
sufficient dichloroacetyl chloride was added in portions to
react with the amine present, The presence of ammonium
chloride in such preparations did not interfere with the re-

(15) W. Steinkopf and H. J. V. Petersdorff, Anxn., 543, 119 (1940).
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action and since the product was isolated by dilution with
water, the salt was effectively separated. Wlen the prod-
uct separated as a gum, it was taken into ethyl acetate.
The ethyl acetate extract was washed with water and satu-
rated sodium bicarbonate solution, then dried and evapor-
ated. The products were recrystallized for analysis as in-
dicated in Table TI.

Hydroxymethylation of «-Dichloroacetamidomethy! Biaryl
Ketone Intermediates (III}.—The a-dichloroacetamido-
methylaryl ketones described above were treated with two
to three equivalents of 36-38(; aqueous formaldelivde in
95% ethanol in thie presence of a catalytic quantity of so-
dium bicarbonate. The reaction was allowed to proceed
at 40° for 2 to 5 liours as described in otlier publications.210

Treatment of a 9.0-g. portion of 2-phenyl-3-dichloro-
acetamidoacetothienoue in tlie above manner gave 980 mg. of
a dihvdroxymethylated compound in addition to the de-
sired product. Similar dihydroxymethylation products
liave been described as by-products in the hydroxyiethyla-
tion of a-dichloroacetamido-p-nitroacetophenone!® and the
corresponding p-methoxyacetophenone anulog.” The di-
hydroxymethylated by-product in this case inelted at 209-
210° after two recrystallizations from ethanol. Hydroxyl
absorption in the infrared also ruled out thie possibility of a
his analog, another type of by-product which is sometimes
obtained in such reactions.

Anal. Caled. for CHisCLNOsS: C, 49.49; H, 3.89;
N, 3.61. Found: C, 49.70; H, 3.94; N, 3.41.

(16) F. Sorm, J. Gut, M. Suchy and D. Reichl, Collection Czechoslos.
Chem. Communs,, 501 (1951); J. Siclier, J. Farkas and F. Sorm, Chem.
Listy 46, 483 (1952),

(17) M. C. Rebstock and E. I.. Pfeiffer, THIS JoUrN~al, 74, 3207
(1952).
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The mouohydroxymethivlation derivative 11 was tlie main
product of the reaction. I certain of the above biaryvl de-
rivatives, tlie analytical differences between dihvdroxy-
methylation, monohydroxymethylation and bis products
do not satisfactorily distinguish between the three possi-
bilities. For better identification, acetyl derivatives were
prepared using either the ketone or the product obtained in
the Meerwein-Verley~Ponndorf reduction of the ketone.
Acetylations were carried out in pyridine in the presence of
excess acetic anhydride. The products were isolated by
removing the pyridine, excess acetic anliydride, and pyri-
dine acetate ou the vacuum pump and recrystallizing frout a
suitable solvent. 5-(a-Dichloroacetamido-B-acetoxypro-
pionyl)-2-(5-bromo-2-thienyl)-thiophene was recrvstallized
for analyvsis from ethylene dichloride, then ethvl acetate,
aud finally ethanol (m.p. 168-169°).

Anal. Caled. for C;;H ;3 BrCl,NOsS,: C, 37.13; H, 2.49;
N, 2.88. Found: C, 36.83; H, 2.76; N, 2.75.

1-(2-Methyl-5-phenylthienyl)-2-dicliloroacetamido-1,3-
propanediol diacetate was recrystallized for analysis froin
ethylene dichloride-low boiling petroleum ether mixture
aud finally from ethanol (m.p. 119-120°).

Anal. Caled. for C»pHy,CLNO;S: C, 52.41; H, 4.62;
N, 3.0ti; COCH,;, 18.8. Found: C, 52.56; H, 4.81; X,
3.04; COCH;, 20.0.

Preparation of 1-Biaryl-2-dichloroacetamido-1,3-propane-
diols (I).—The @-hydroxy-a-dichloroacetamidopropionyl-
biaryl intermediates III were reduced in everv case using
Meerwein—Verley—Ponndorf conditions. The reaction was
carried out and the products isolated in essentially the
manner described in preceding publications.% 310
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Steroidal Sapogenins.

XXIV. The Hydrochloric Acid Catalyzed Equilibration of

22¢,25D- and 22¢-25L-Spirostanes’

By MoNROE E. WaLL, SAMUEL SEROTA AND LEr P. WITNAUER
REcCEIVED DECEMBER 18, 1954

Prolonged heating of sarsasapogenin with ethanolic hydrochloric acid gives a mixture containing sarsasapogenin, smila-

genin and the corresponding A?- or A’-desoxy analogs.

On studying the reaction with desoxysarsasapogenin and desoxy-

smilagenin, it was found that au equilibration occurs in both cases in which formation of the more stable smilagenin isomer
is favored. The significance of these results in relation to methods for acidic hydrolysis of saponins are discussed.

Recently there have appeared a number of papers
dealing with the stereochemistry of the spiroketal
side chain®*~ Although the stereochemistry of
carbon 20%¢¢ and the configuration of carbon 253%2.»
seem well established, the question of the configura-
tion of carbon 22 and the related matter of the con-
formation of the methyl group attached to carbon
25 are still unsettled (¢f. references 3a, b, d, e, h and
.

In an atteinpt to obtain further information on
the nature of the spiroketal side chain, we decided
to study the effect of hydrochloric acid on sapogen-

(1) A laboratory of the Fastern Utilization Research Branch,
Agricultural Research Service, United States Department of Agri-
culture, Article not copyrighted.

(2) Paper XXIII, C. R. Eddy, M. A. Barnes, C. S. Fenske, ac-
cepted by Anal. Chem.

(3) (a) I. Scheer, R. B. Kostic and E. Mosettig, THIS JoURNAL, 75,
4871 (1953); (b) V. H. T. James, Chem. and Ind., 1388 (1933); (c)
M. E. Wall, C. R. Eddy, and S. Serota, THIS JOURNAL, 76, 2849 (1954);
(d) M. E. Wall and S. Serota, ibid., 76, 2850 (1954); (e) M. E. Wall,
S. Serota and C. R. Eddy, #bid., 77, 1230 (1955); (f) R. K. Callow
and V. H. T. James, Chem. and Ind., 891 (1954); (g) D. H, W. Dickson,
et ¢l., ibid., 692 (1954); (h) D. A. H. Taylor, bid., 1066 (1954); (i)
J. B. Ziegler, W. E. Rosen and A. C. Shabica, THrs Jour~aL, 76, 3865
(1954).

ins with 22£25D- and 22¢,25L-configurations.*?
Marker and Rohrmann® reported that sarsasapo-
genin (251) was converted to smilagenin (25D) on
prolonged heating with ethanolic hydrochloric
acid. Other workers starting with the 25L-sapo-
genins neotigogenin® and markogenin’ reported
similar conversions to the analogous 25D-sapogen-
ins, tigogenin and samogenin.

When sarsaspogenin (I) 22¢,25L-spirostan-33-ol,
was refluxed with hvdrochloric acid under Marker’s
conditions® and the reaction product carefully
chromatographed, surprisingly four sapogenins
were obtained. In order of elution we found 2?-
29¢,25p-spirostene (11D, 2?2-22¢,25L-spirostene (I11),
smilagenin (22¢,25D-spirostan-33-ol (IV) and sarsa-
sapogenin (I). Of these IT and IV were major con-

(4) As a result of the researches of Scheer, ¢ al.,% and of James,*»
smilagenin and other 22 "iso’’ sapogenins have the p configuration
at carbon 25, whereas sarsasapogenin and presumably other 22 "'nor-
mal’’ sapogenins have the 1, configration.

(3) G. Mueller and B. Riegel have proposed the use of 25p and 251
to denote configuration at carbon 25. We wish to thank Dr. Mueller
for giving us this information prior to publication.

(8) R. E. Marker and E. Rohrmann, THIs JorrNAL, 61, 840 (1939).

(7) M. E. Wall, et al., ibid., 76, 4437 (1953).



