
REVERSIBLE N,O-HALOACYL SHIFT IN SERINE DERIVATIVES 
WITH ANTITUMOR ACTIVITY1 

ABSTRACT 

Large doses of N-dichloroacetyl-DL-serine sodium salt were required to  cause regression 
of Sarcoma-37 in mice. About 56% of the unchanged compound was recovered from the 
~lrine. These observations suggest that the antitumor activity may reside in a metabolic 
product of the N-dichloracetyl serine I t  is postulated that the active compouncl is the corre- 
sponcling 0-dichloroacetyl-~~-serine formed from the N-acyl compound by an in vivo enzy- 
~natically controlled shift which takes place via the hydrosyoxazolidine and (or) the oxazoline 
rings. 0-Dichloroacetyl-DL-serine hydrochloride was prepared by treating a suspension of 
N-clichloroacetyl-DL-serine in a l ~ h y d r o ~ ~ s  ether with gaseous hydrogen chloride. The free base, 
0-dichloroacetyl-DL-serine, is a n  extremely labile compound and reverts to  the iX-compound in 
neutral aqueous solution a t  room temperature. The hydrochloride salt, however, is stable, in 
which form it was isolated and characterized. The same compound was prepared from serine 
and dichloroacetic anhydride in dichloroacctic acid. 0-Dichloroacetyl-~~-serir~e hydrochloride 
displays an  antitumor erfect against Sarcoma-37 and Sarcoma-180 in  mice. The work has been 
e s t e ~ ~ d e d  to the mo~~ochloro- and trichloro-acetyl derivatives of serine. 

INTRODUC'I'ION 

I t  was reported recently (1) that the sodium salt of N-dicl~loroacetyl-DL-serine (2) 
depresses the growth of Sarcoma-37 in mice, causing in some ani~nals complete regression 
of the tunzors. i\/Iost of the presently known agents which are effective against animal 
tumors are usually administered in relatively sinall doses such as milligra~ns or even 
fractions of a milligram per ltilogram of body weight. The above co~npound, however, 
had to be administered in doses of 1 g per ltilogram of body weight in order to be effective 
against the tumor. This considerable non-toxic dose is largely excreted by the kidney as 
unchanged drug, since approximately 56% of the pure crystalline product was isolated 
from the urine of cats as well as of humans (3). No metabolic or hydrolytic products were 
identified. 

We would lilte to suggest, therefore, that the active ant i tu~nor agent was not the 
administered N-dichloroacetyl derivative itself, but rather a ~netabolic pi-oduct of this 
con~pound. One of the specific characteristics of acpl derivatives of hydrosy amino acids 
having the hydroxyl and the amino groups in vicinal position is the ability of the acyl 
residue to migrate reversibly between the nitrogen and the oxygen. I t  is therefore possible 
that the compound could readily change into the heretofore unreported O-dichloro- 
acetyl-DL-serine isomer and that ,  in vivo, both forms of the compound exist in equilibrium 

(Fig. 1). Such a concept would explain why large doses of the N-derivative are required 
to elicit an antitumor effect, since the equilibrium favors the stabilized, less active 
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N-dic11loroacet)~l-n~-serii?e. We therefore synthesized 0-dichloroacetyl-DL-serine hydro- 
chloride as well as its methjl ester, and preliminary experiments with the former 
compound do indeed inclicate that it is active against Sarcoina-37 in illice a t  approxi- 
inately l/4Oth the close of the N-compound and against Sarcoma-180 a t  approximately 
1/20th the dose. 

Sinlilar reversible acyl migrations have been studied extensively in vitro over a iluillber 
of )-ears, in a large variety of compo~~nds ,  and this shift is now well documented in the 
chemical litei-ature for the N F? 0, K F? S,  and 0 F? 0 systeins. For example, acyl migra- 
tions for the N $0 systeill have been reported for ortl~oaminopl~enols (4-12), alliyl- 
aminoethanols (1:3-23), adrenaline (24), noradrenaline (2.5, 26) , ephedrine (26-30), 
pheilylserine (31), a i~~i~~opl~enylpropanediols  including chlorampl~enicol (32-35), 2-amino- 
cyclohexanol (36, 37), 2-aminoc~~clopei~tanol (:3S), and aminos~~gars  (39, 40). Similar 
acyl shifts from oxygen to oxygen have been observecl in sugars (41, 42) and glycerides 
(43-47), and more recently in the N F? S s)-stem of cysteine (48) and glutathione (49, 50). 

Elnil Fischer (51) first proposed a mechanism to explain such migrations from oxygen 
to oxygen in the case of glycerides of fatty acids. I-Ie postulated an unstable five-membered 
hydrosy-orthoester as ail intermediate when an ac) l group migi-atecl fro111 one hydi-oxyl 
group to another in a 1,2-cliol, as sho~vn in Fig. 2. This hypothesis received its first 
confirmatory support from I-Iibbert and co-workers (52, 58), who isolated 2-hydroxy- 
2'-tricl~lorometl1yl-1,3-dioxolane, which is analogous to the c)-clic iilterillediate IV 
postulated bj- 1;ischer. 

n CIIZ-01-1 ., a CH :-0-CO-I< 
I C' 

iI CI-I-0-co-IC 
I 

CI-I-OH 
I 1 r .----_-.-, 

C I-1:-01-1 CM 2-01-1 
I 

CI-I 2-01-1 

FIG. 2. Acyl ~nigratio~l in glycericles. 

Today this mechanism involving transient cj-clic intermecliates is widely accepted 
because it satisfactoril~ accounts for a variety of reversible ac)-1 shitts. Various wol-liers 
have postulated ortho esters i l l  the case of gl~-cei-ides (47) and sugars (42), oxazoline or 
hydl-oxyoxazoliclii~e rings in the K F? 0 shifts (20, 28, 38, 39), and the corresponding 
thiazoline ancl l~~~c l rouy t l~ i~zo l id~ne  rings in the case ot 3 F? S s111t ts (48). In some cases 
these cyclic intermediates wei-e actuall! detected or isolated (30, 48). 

XIore recentlJ- Doel-scliul; (4-1) carriecl out the rearrangement of 2-monopalinitin 
gI).cericle to the I-moi~op~ilmitin product in the presence of gl) cerol-1-C1' and showed 
concl~~sively that the rearsailgement ~ncchanism is entirely intramolecular, thus eliminat- 
ing the possibilitj. of hyclrol\.sis ant1 re-csterification. van Lohuizen and Verliade (45) 
found that a- or p-monogl! cericles in etha~lolic 11) drogen chloride mutually I-earranged to 
an eq~~i l ibr i~ im mixture, while Iiaiforcl ancl Lanl;elma (8) sho~ved a similar equilibrium 
in the case of ac~'l~1tecl ortI~oaminophcnoIs. I t  is also established for nearly all the above 
classes of compounds that the equilibrium distributioil of the two cliflerent forms in 
which the acylated illolecules call exist in solution depends on pI-I. &Iigratioii takes place 
fro111 N to 0 when K-acyl compounds are treated with anhydrous hydrogen chloride with 
formation of the 0-acj.1-N-hydrochloride derivatives which in al1;aline meclium revert to 
the original X-acyl fornls (8, 18, 20, 28, 31, 33, 35, 36, 38, 50, 54). I n  every case so tar 
studied the N-acyl derivatives were nluch more stable than either the corresponding 
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LEVI IIT ;\I,.: S,O-II..~LO.ICYL SI-IIF'r 2493 

0 or S derivatives and indeed the latter al~\raj-s easily reverted to  the more stable 
N-del-ivatives. 

Since most chemical reactions which are catalyzed by enzymes are also susceptible to 
catalysis by simpler 01-ganic and inol-yanic agents, we postulate as  a worlcing hypothesis 
that  tlie reversible acyl shifts in amino acid derivatives such as  serine and cysteine, 
which, in vitro, are dependent on changes in pI-I, can be similarly inecliated in vivo via 
the 11)-drox~~osazolicline (or less likell-, the oxazoline) ring by acyl migratascs resulting 
in an ecluilibriu~n mixture of the two tautomeric forins (Fig. 3) .  

CI-I 2-CI-I-COO13 
I I 

FIG. 3. Reversible S F? 0 shifts in  amino acids. 

A corresponding biological shift from 0 to 0,  catalyzed by a n  enzyme, was reported 
recently by Uziel and kIanaliai~ (55). ?'hey described a migratase, which catalyzes tlie 
p to a migration of the fatty acyl group on a /3-lysolecithi~~. This enzyme, lound in the 
extracts of Pe~zicill*i.r~m notntz~m and in commercial panel-eatin, is nonhydrol).tic in nature. 
The  same migration was effectecl i n  the absence of the em)-me b); treating the /3-lyso- 
lecithin with dilute hydrochloric acid. I~lcre again tlie intermediate formatio~x oi  an ortho 
acid 1172s favored to explain this enzymatically controlled intramolecular transcsterifica- 
tion. A similar enzyme capable of catalyzing the intranlolecular acyl migration in the 
N 0 01- K S systems has not )-et been described. 

The I-elationship between this t\-pe of shift ancl biological activity has alread!. been 
observecl in the amino acid clerivativc azaserine (0-diazoacetjrl-DL-serine). Here it was 
sho~vn b17 Fi~sar i  and co-\YO]-liel-s (56) that  azaserine, in aclueous solution tl-eated with 
barium h~~clroxicle solution, lost its antibiotic activity as  mensurecl against ICboechera 
bl-eois, ancl by correlation, its antitumor activitj. (57), while the diazoacyl group underwent 
a simultaneous shift from 0 to N. The  resulting barium salt of K-diazoacetyl sel-ine \17hich 
\\;as isolated possessecl little or no microbiological activity in vitro. 

I t  is laown that  strong acids act as  catalysts in the esterification of hydrosy groups 
with acetic anhydride (58). Acylation of primary anlines bj. acetic anh),clricle, however, 
is greatly inhibited when they are present as  salts of strong acids (59-61). These facts 
were utilized in the preparation of 0-clichlol-oacetyl-DL-serine by treating DL-sel-ine with 
a mixture of dicl~loroacetic acid ancl dichloroacetic anhydride. The  compound is extremely 
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labile, tending to change to the illore stable N-dicl~loroacetyl-DL-serine. The  hydrogen 
chloride salt of the 0-derivative, however, is sufficiently stable to allow its isolation and 
storage a t  soon1 temperature. All attempts to obtain the 0-dichloroacetyl base froin the 
crystalline hydrochloride, even ~ inder  the mildest conditions, failed. For exarnple, neutrali- 
zation of the hydrogen chloride moiety with an equimolar anzount of sodium bicarbonate, 
a t  room temperature, resulted in a shift of the dichloroacetyl group from 0 to N. Similarly, 
a methanolic so l~~t io i l  of 0-dichloroacetyl-~~-serine methyl ester hydrochloride (which 
was prepared by the above procedure froin DL-serine ~ne thy l  ester), upon treatment with 
one equivalent of trietlzylamine a t  room tenlperature, also underwent this shift to 
N-dichloroacetyl-DL-serine methyl ester. 

The  reverse shift of the dichloroa.cet~~1 group from N to 0 was accomplished in the 
case of N-dichloroacetyl-DL-serine by treating a suspension of the con~pound in anhydrous 
ether with a stream of hydrogen chloride gas over a long period of tinle. Anhydrous 
conditions are essential, otherwise complete l~ydrolysis takes place, yielding DL-~erille 
hydrochloricle and dichloroacetic acid. When this shift was attempted with the nzethyl 
ester of I\'-diclzloroacet~~l-DL-serine in anhydrous ether, the unchanged ester was recovered 
quantitatively, indicating that  this compound does not undergo the N -+ 0 acyl shift 
as readily as  does the non-esterified conlpound. Using anhydrous metha1101 instead of 
anhydrous ether an intermolecular shift from the I\ of the amino acid to the 0 of the 
alcohol tool; place rather than the expected intramolecular shift, with the result that  
serine methyl ester hydrocl~loride and methyl dichloroacetate were fornled. These 
experiilzents are summarized in Fig. 4. Altho~igh O-dic1zloroacetyl-~~-se1-ine is a labile 
compo~ind, it is ~ieverthelcss sufficiently stable ~ m d e r  the right conditio~ls to be capable 
of Inore than transitory existence. 

1;rc. 4. 1 9 0 dichioroacy! shifts in serine. 

Since we were able to show that  the postulated reversible N & 0 shift of a dihaloacyl 
group could be efiectecl in vitro. we extended this investigation to the monochloro- and 
trichloro-acyl compounds of serine. 0->Ionochloroacetyl-~~-serine was synthesized 
according to the proccclure developed by Saltarni and 'Toennies for the N-acyl derivative 
(61), and K-i~~o~~ocl~loroacetyl-DL-serine according to Fischer and Roesner (62). The  
complete reverse shift of the monochloroacyl group from N to 0 and 0 to N was carried 
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LEV1 ET AL.: N.0-HALOACYL SHIFT 2195 

out as for the dichloroacyl coinpounds. However, in this case ~ - i n o n o c h l o r ~ a c e t ~ l - ~ ~ -  
serine was sufficiently stable to be isolated as the free base as well as the hydrochloride. 
After this work was completed Benoiton ((53) reported the same reversible shift for 
N-i~~onocl~loroacetylserine. 

All attempts to date to prepare the 0-tl-ichloroacetyl derivative have failed. The first 
synthetic procedure einployed was essentially that used for the preparation of 0-dichloro- 
acetyl-DL-serine hydrochloride, using benzene as a solvent due to the crystalline state of 
trichloroacetic anhydride. This yielded instead of the expected 0-tr ichloroacetyl-~~- 
seririe hydrocl~loride the hitherto unreported 0,N-bis(tric11loroacetyl)-DL-serine com- 
pound. Titration of this compound with alltali indicated an equivalent weight of 199. 
This agrees wit11 the calculated equivalent weight of 198 based on the finding that  the 
0,N-bis compo~~ncl is hydrolyzed during the neutralization by the a1l;ali to N-trichloro- 
acetyl-DL-serine (which was isolated arid identified) and tricl~loroacetic acid. The com- 
pound gave a negative ninhydrin test in aqueous solution. Its infrared absorption curve 
indicated the presence of three different carboilyl groups and elemental analyses agreed 
wit11 the theoretical values for 0,N-bis(trichlo1-oacety1)-DL-serine. 

N-Tricl~loroacetyl-DL-serine was prepared according to the usual Scliotten-Baumann 
procedure (2). -4n attempt to shift the tricl~loroacet~~l group fro111 N to 0 under the same 
anhydrous conditions which converted the N-monochloro- and N-dichloro-acetyl deriva- 
tives to the corresponding 0-compounds also failed, the unchanged starting material 
being recovered q~~anti tat ively.  I t  is interesting to note that the stability of the ainide 
bond was such in this case that it was not necessary to observe the stringent anhydrous 
coilclitio~ls required for the N --t 0 dicl~loroacetyl shift in order to prevent hydrolysis to 
seri~le hydrochloride. Ether saturated with water gave the same result, i.e., there was no 
li~~clrolysis of the N-tricl~loroacetyl group and no N --t 0 shift took place. This unexpected 
stability to acid of the I\'-tricl~loroacetyl group was also observed in the failure of aqueous 
l~):drocl~loric acid to hydrolyze the latter compound. 

Thisstability was again evident wlleil the 0 , N  -bis(trichloroacetyl) compound was treated 
wit11 acid in ail attempt to prepare 0-trichloroacetyl-~~-serii~e by hydrolysis of the 
N-acyl group. Contrary to expectatioils, the 0-trichloroacetyl group was the lilore 
labile one ~irlder these conditions and again N-tricl~loroacetyl-DL-S~I-~II~ was obtained. 
This instabilit)~ of the 0-trichloroacetyl group in an acidic ineclium accounts for the 
failure, to date, to isolate 0-trichloroacetyl-DL-seriile. 

I t  therefore appears that in the 0-haloacyl series, the stability of the ester linkage 
decreases as the number of llalogen atoins increases. In the N-l~aloacyl series, however, 
the opposite situation seeins to exist, namely, the stability of the ainide bond increases 
as the ilumber of halogen atoms increases. These effects are no doubt the result of the 
iilcluctive displaceinent of the electrons in the direction of the strong electron-attractiilg 
chlorine atoms; the greater the number of the latter the inore stable the amide boild and 
the weaker the ester linltage. 

These various haloacyl derivatives of serine are presently being evaluated for their 
antituinor activity in the mouse and rat to determiize whether a relationship exists between 
such activity and the ease of interconversiol~ of the three pairs of isomers. 

ESPERI h I E N T A L  

Infrared absorptioil spectra were determined with a Beckinan Ili-5 spectrophotoineter 
equipped with a sodiuin chloride prism, using potassiuin bromide pellets. Melting points 
obtained with a Fisher-Johns apparatus, boiling points, and temperature readings are 
uncorrected and are in degrees Centigrade. 
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O - D i c ~ ~ ~ o r o a c c ~ t y ~ - ~ ~ - s e r i ? z e  Hydroc3zloride 
~ ~ - S e i - i n e  (105 g, 1.0 illole) was dissolvccl i l l  reclistilled dichloroacetic acid (500 1111) i l l  

a 3-liter, three-neclcecl, round-bottomed flask fitted with a dropping funnel, thermometer, 
and calcium chloride drying tube. The clear solution was cooled in an ice-water bath and 
stirred continuously nrith a magnetic stirrer. X slow stream of dichloroacetic anhydride 
(312 g, 1.3 mole) was added cluring 23 hours a t  such a rate that tlie teii~perature of the 
reaction mixture did not exceed 32-33". Tlie flaslc was allo\vecl to stand ovei-nigllt a t  
room temperature, and the product was then converted to the I~yclrocliloride salt by 
passing a slow stream of 11) drogen chloride gas into the solution for 1 hour. The excess 
hydrogen chloride lvas removed under recluced pressure, anh~clrous benzene (1250 ml) 
was aclcled, and tlie flaslc was refrigerated. The product CI-J-stallizecl as a fine white 
granular inaterial which was removed by filtration, washed with anhydrous benzene, 
followed by petroleum-ether (30-GO0), and dried a t  45" in a vacuum oven. Weight 85.0 g, 
m.p. 115-120'. A second crop of procluct (5.4 g) was recovered froin the filtrate, total 
yield 33.8%. Thc product was recrystallized froin :unhydrous acetone-ether, yieldiilg 
29.4% pure crystalline 0-dicliloroacetyl-~~-serine hydrochloride. 111.p. 125-12G0, which 
was soluble in water, ethanol, acetone, tetrahydrofuran, and dioxane, and insoluble in 
ether, chloroform, ancl ethylene dichloride. I t  gave a positive ninhydi-in test. Anal. Calc. 
for C5I-IsC13NO4: C,  23.78; H, 3.19; K ,  5.55. 1;ound: C, 23.88; I-I, 3.29; N,  5.61. 

This product was also prepared by s;~turating a suspension of 3.0 g (0.0286 mole) of 
DL-serine in 100 in1 of dichloroacetic acid with hyclrogen chloride gas a t  0". The resulting 
clear solution was kept a t  roo111 temperature for 48 hours. Tlie addition of anhydrous 
ether (100 ml) caused a rapid crystallizatioii of crude product as white crystals. LVeight 
5.4 g (74.9y0 yield). Tlle infrared absorption curve of this product was identical with 
that of the 0-dichloroacetyl-DL-serine hydrochloride prepared above. 

O-D~c~z lo roace t y / -~~ - se r~r2c  Hydrochloride Jronz N-Dic/~loroacetyl-~~~-serine: AT --t 0 D~chloro-  
acyl Sh i f t  

l:inel\. pulverizetl S-clicl~loroacetyl-~~~-seriiie (2.0 g) (2) n7as suspendecl in 100 1111 
al~hgdrous ether in a 200-ml round-bottomeci flask. X moc1eratel~- rapid stream of hydrogei~ 
chloricle was passed into the suspension for 63 hours. The flow was cliscontinued overnight 
and then resumecl for 13 liours. Anhydrous ether was added occnsionally to maintain the 
volume of the rcactioi~ ini~ture.  There M-as no sensible heat effect cluring this rcactioli. 
Tlie ether suspension mas evaporated to dryness, anhyclrous ethyl acetate (75 inl) added, 
and the contents warnled foi- approximately hour. The insoluble resiclue of O-clichloi-o- 
acetl I-DL-serine hj-droc11lo1-icle (1.65 g, '70Yo yield) was removed by filtrdtion, washed 
\\-it11 eth) 1 acetate ancl ether, and clried, m.p. 123-126'. The infi-ared absorption spectrum 
oi this illaterial was identical with that of the procluct syiitlicsizecl by the routc descl-ibed 
above and a misecl melting point of tllc two was not depressccl. 'I lie ninh) dl-in test was 
positive. 

N-Dichloroacetyl-~~,-seri?zc from O-Dic1~loroacctyl-~1~-seri?ze Hydrochloride: 0 --, N Dichloro- 
acyl Sllij't 

.\ solution of 0-clicl~loi-oacetl-I-DL-serine li~~drochloricle (5.04 6, 0.02 mole) in 50 1111 
distilled water was treated a t  room temperature with a solution of 3.36 g (0.04 mole) 
soclium bicarbonate in 50 1111 of water. The pl-I of the solution changed from ail initial 
value of 1.10 to 5.GO. The neutralized clear solution was concentrated to dryness from 
a water bath a t  30-35' and under reduced pi-essure. The residue crystallized froiln water. 
An infrared absorptioil curve of the crystalline product was identical with that of pure 
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N-dichloroacetyl-DL-sel-ine sodium salt (2). I t  111elted a t  172-17Yo and did not depress 
the melting point of authentic N-dicl~loroacct~ l-DL-serine sodium salt (2). I t  no longer 
gave a positive ni11111-drin tcst, indicating a practically theoretical shift fro111 O to N 
a t  p1-I less than '7. 

0 - D i c k l o r o n c e t y l - ~ ~ , - s e r k  J I e t l ~ y l  Ester Hydrocl~loridr  
DL-Serine meth~rl ester hydrocl1101-ide (15.5 g, 0.1 mole) (2) was dissolved, with gentle 

l ~ e a t i ~ ~ g ,  in dicl~loroacetic acid (100 ml) in a 300-ml, two-~iccl;ed, round-bottomed flask 
li ttecl with a droppi~ig funliel, calcium chloride drying tube, ant1 magnetic stirrer. Dichloro- 
acetic anhyclricle (30.0 g ,  0.125 mole) was acldecl dropwise to thc clear, stirred solutioi~. 
No at tempt  was macle to col~trol thc ver) slnall heat rise during this additio~i,  \vhicl~ 
I-equirecl 43 minutes. Thc  solution was allowed to stir for 24 hours a t  roo111 temperature 
(23-23O) to completc the estcrilication. Dieth) 1 ether (100 1111) IV'IS t11e11 added, followed 
by sufficient pe t ro lcu l~~  cther (30-60") to proclucc a fa i~l t  perma~ient cloudi~iess, ancl the 
flasl; was rcfrigerated lor 3 hours. l'he white cr) stalline pl-ecipitate of O-d ich l~roace t~ l -  
DL-seri~ie metl~).l ester l~ydrocl~loricle was I-e~novcd by liltration, washed \vith ether 
(50 ml) t11c11 petroleum ether (30 ml), ancl tlrictl . ~ t  80--LO0 in a vacuum oven. T h c  procluct 
(18.8 g, 70.6% ).ielcl) was recrystallizecl from mctlia~~ol-ether, 111.p. 10(iO (with prior 
softe~iilig a t  101°), white needles. I t  was solublc in water, ethanol, ancl dioxanc, and in- 
soluble i l l  cther, petroleum ether, cl~loroform, and ethyl acetate. Anal. Calc. for 
C6HloC1,1NOzr: C ,  27.00; 11, 3.78; K, 5.23. Founcl: C,  27.30; 11, 4.19; N,  3.26. 

.Ittcmpted Conversion oJ N-Dichloroacetyl- to O-Dichloroucetyl-~~-sercne .\/ethyl Ester: 
,Ittempted N 4 O D~cl~ loroncy l  Shz / t  

(i) IIl.drogen chlol-icle gas was passed through a suspension of ~ - c l i c h l o r o a c e t ~ ~ ~ - ~ ~ -  
serinc mcth! 1 estcl- (2) (2.0 g) i l l  100 1111 a n l ~ ~ ~ t l r o ~ ~ s  ether for -1 hours whereby complete 
solution tool; placc. Upon evaporation of the ct11c1- a quantitative yielcl of unreacted 
starting ester was recovered. 

(ii) Dl.). hydr-ogcn chloride gas was passcd through a solution of N-dic11loroacet)~l- 
DL-serine methyl ester (3 g) in anl~yclrous m e t h ~ ~ n o l  (25 ml), for 1 hour. During this period 
the flasl; was coolecl in an ice-salt bath. The  solution was allowecl to stand a t  roo111 
temperature for 2-1- IIOLII-s and the11 concentrated to dryness under reduced pressure and 
a t  roo111 iemperaturc. 'The residual palc  ellow ow syrup which solidified co~npletely 011 

refrigeration for several days was crystallized from methanol-ether, yielding 2.63 g of 
white crystals, m.p. 13-13-L0, which were identified by misetl melting points ancl infrared 
absorption spectra as DL-serine methyl ester l~ydrocliloridc. 

Convc~rsion oj'O-D~cl~loroacctyL- to N-Diclzloroacetyl-~~-serim .lrethyl Ester: O 4 N Diclzloro- 
ncyl Shi f t  

Triethylamine (0.696 1111, 0.005 mole) was added a t  room temperature to a solution of 
O-dicl~loroacetyl-DL-serine methyl ester hydrochloride (1.33 g, 0.005 mole) in a~ihyclrous 
nzethanol (1: ml). The  solution was s h a l i e ~ ~  ~necl~anically for 10 min~l tes  and t l ~ c n  con- 
centrated to dryness uncler reduced pressure rul~cl 011 a water bath maintained a t  25O. 
The  resiclue, which was a mixture of crystalline triethylamine hydrochloride and oil, was 
extracted with anhyclrous ether (75 nll) whereby the latter dissolved leaving 0.7 g of 
triethylamine hydrochloride. The  ethereal solution on evaporation to dryness under 
reduced pressure a t  23' yielded a pale yellow residual oil which slowly solidified on 
refrigeration. This was crystallized from ether - petroleum ether (30-GO0), yielding 
0.93 g (82.6%) of white, fluHy crystals of N-dichloroacetyl-~~-serine nlethyl ester, 1n.p. 
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82-83", which, by mixed rnelting point and infrared absorption spectra, was shown to be 
identical with N-dichloroacetyl-DL-serine methyl ester (2). 

0-fifonochloroacetyl-DL-serine 
Monocl~loroacetic anhydride (121.0 g, 0.708 mole) was dissolved in ethyl monochlor- 

acetate (100 ml) in a 500-n11 round-bottomed flask with gentle warming. T o  the cooled 
solution there was added, dropwise, a solution of 10.6 g (0.10 mole) DL-serine in 20 g 
(0.12 mole) of 6OY0 HC104. The  first few increments of this solution did not cause any 
significant evolution of heat, but ,  after a period of induction, external cooling was required. 
On completion of the addition, the solution was heated for 3 hours on a water bath a t  
55", then allowed to stand overnight. Slight application of heat was required to redissolve 
all solids the next day. The  dark brown homogeneous solution was cliluted with 4 ml of 
distilled water, which reacted with residual anhydride. Triethylamine (45 g, 0.45 mole) 
was then added intermittently, with occasional cooling, to neutralize the perchloric acid 
moiety of the salt. The reaction mixture was poured into 2 liters of ether, whereupon the 
product separated as a fi~iely divided crystalline powder. I t  was recovered by  filtration, 
washed and triturated with ether and ethanol, and dried in a vacuum oven. Wt.  16.3 g 
(89.8% yield), m.p. 122-123" (decomp.). Literature m.p. 122-123' (decomp.) (64). H 
mixed m.p. with N-n~onochloroacetyl-DL-serine was depressed. The product was soluble 
in water, hot ethanol, hot methanol, hot acetone, and insoluble in most other organic 
solvents. I t  reacted positive to ninhydrin and positive for chlorine in the flame test with 
copper wire. 

0- i l~onochloroacety l -~~-ser ine  Hydrochloride 
Finely powdered 0-monochloroacetyl-DL-serine (15.0 g) was suspended in ether 

(100 ml), and a slow stream of hydrogen chloride gas was passed in for 1 hour. During 
this process the 11j drochloride precipitated as it formed. The  particle size of the product 
was much larger than that  of the original 0-monochloroacetyl-DL-serine. 'The excess 
hydrogen ~11101-icle ancl some of the ether were removed uncler vacuum. 'I'he product 
(13.2 g, 73.556 yield) was recoverecl b!, filtration, washed with ether, ancl clriecl in a 
vacuum oven, m.p.  140-142'. Crl.stallization Iron1 acetone-ether containing a little 
alcohol yieldecl 11.0 g of a white crystalline material melting a t  111-112', which was very 
solublc in the lowel- alcohols ancl water, and insoluble i l l  e thj  1 acetate, cl~loroform, and 
ether. Anal. Calc. for C61-IBC1&04: C,  5'7.54; I-I, 4.16; X ,  (j.-E. Fotuld: C, 2'7.35; 11, -1.16; 
N ,  6.24. 

Convc2rs ion of iV-*I Io~zocl~loroacetyl- to 0--1 Ionochloroacetyl-m,-serine: iV -, 0 dIo~zochloroacy1 
Sll lft 

Finely pulvel-ized N-mo~~ocl~loroacetyl-DL-serine (2.0 g) prepared according to the 
nlethod of Fischer and Roesner (62) was treatecl in essentially the same manner as  
described above lor the N + 0 shift in K-dicl~loroacetyl-DL-serine. The  resulting O-mono- 
chloroacet~~l-~r,-serine hydrochloride 1.27 g (53% yielcl) after crystallization fro111 ether- 
alcohol meltecl a t  141-142' and did not depress the melting point of O-monochloroacetyl- 
DL-serine hydrochloricle preparecl as  above. The  infrared absorption spectra of the two 
compounds were identical. 

Conaersion of 0--lIo~zochloroacetyl- to 1V--lfonochloroacetyl-DL-serine: 0 -) N J~onockloroacyl 
Shif t  

0-hlIo~~ochloroacetyl-DL-serine (10.0 g, 0.055 mole) was clissolved in 27.3 ml of 2 N 
sodium hydroside solution (0.055 mole YaOI-I), allowecl to stancl a t  room temperature 
for 33 hours, ancl then neutralized with concentrated hydrochloric acid. The  solution was 
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evaporated to dryness, and the residue extracted with warm ethyl acetate ( 2 x 4 0  ml), 
which was dried over magnesium sulphate. The ethyl acetate was removed by distillation 
and the residual oil which solidified a t  room temperature was crystallized from ethyl 
acetate - petroleum ether (30-GO0), yielding 3.35 g (33.5% yield) of product which melted 
a t  120" and was identical by mixed melting point and infrared absorption with N-mono- 
chloroacetyl-DL-serine ((52). 

0,N-Bis-(Trichloroacety1)-DL-Serine 
A solution of trichloroacetic anhydride (250.0 g) and trichloroacetic acid (132.0 g) 

in anhydrous benzene (GOO 1111) was placed in a water bath a t  25-30" and inaintained a t  
this temperature throughout the reaction. DL-Serine ((59.4 g) was added in sinall portions 
to the rapidly stirred solution. When addition was complete, solids began to separate out 
and in a short while the mixture set to a gel. I t  was allowed to stand a t  room temperature 
overnight, then the product was removed by filtration, washed with benzene, and air- 
dried. The product (90.0 g),  which was insoluble in water and gave a negative ninhydrin 
test, was crystallized froin ether - petroleu~n ether (30-GO0), 1n.p. 176-180" (a highly 
purified sainple melted a t  185-18G0). Anal. Calc. for C7HSC16NOS: C, 21.21; H ,  1.27; 
N,  3.54. Found: C, 21.42; I-I, 1.28; N,  3.51. 

A sample of this 0,N-bis-(trichloroacety1)-DL-serine (1.0 g) was suspended in distilled 
water and neutralizecl a t  room temperature to the phenol red endpoint with 4.9 ml of 
1.027 N sodium hydroxide solution. The material dissolved completely as the neutraliza- 
tion proceeded. The aqueous solution was concentrated to dryness on a water bath a t  25" 
under reduced pressure. The residual oil, upon the addition of ether, solidified iininediately 
to a white, friable powder which was removed by filtration, washed with ether, and dried. 
The product melted a t  193-195" and weighed 0.5 g, representing a yield of 72.6y0 based 
on hydrolysis to N-trichloroacetyl-DL-serine, sodium salt, with which it was identified 
by mixed melting point and infrared absorption. 

N- Tr"rickloroacetyl-DL-Serine 
DL-Serine (10.5 g, 0.10 mole) was clissolved in 2 N sodium h?;clroside solution (50 ml, 

0.1 mole) in a 500-1111, four-necked, round-bottomed flasl; fitted with a thermometer, 
 noto or driven stirrer, ancl two dropping funilels. The clear solution of the socliurn salt of 
DL-serine was cooled in an ice-salt mixture to approximately 5". Trichloroacetyl chloride 
(24.2 g, 0.133 mole) and 2 N sodium hyclroxicle solution (100 1111, 0.2 mole) were then 
added dropwise and simultaneously from the two droppiilg fuililels to the stirred, cooled 
solution a t  such a rate that the reaction nlisture remained on the basic side and below 
10" tl~roughout the additions. These additions required about 1 hour. The clear, colorless 
reaction solution was then stirred for 1 hour during which time it was allowed to warn1 
up to room temperature. The solution was then acidified with concentrated hydrochloric 
acid (10 1n1) and evaporated to dr~.ness using a water bath a t  55" and reduced pressure. 
The residual mixture of sodium chloi-ide and clear yellow oil was extracted with hot ethyl 
acetate (3 X 100 1111). The combined ethyl acetate extracts, dried over anhydrous inagile- 
sium sulphate, were filtered and again evaporated, and the resulting oil was well shal~en 
with petroleuill ether (30-60") ( 2 x 5 0  ml) to 1-emove residual trichloroacetic acid. The 
product was crystallized froin ethj-1 acetate - petroleum ether, yielding 8.9 g (35.6y0) 
of white crystalliile r\J-trichloroacet)~1-~~-seriile, 111.p. 1OG-108". Anal. Calc. for 
C~1-16C13N04: C, 23.97; I-I, 2.41; N, 5.50. Found: C,  23.62; I-I, 2.28; N, 5.56. 

The sodiuin salt was prepared by neutralizing a solution of 87 g of N-trichloroacetyl- 
DL-serine in 100 1111 of water with a 2 N sodium hydroxide solution, equivalent to 13.9 g 
NaOH. The clear solution was evaporated under vacuuln a t  GO0 to a dry solid, which 
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was recrystallized from ethanol, yielding 71 g of N-trichloroacetyl-DL-serine, sodiuill 
salt, 1n.p. 19-193'. Xnal. Calc. for C&IjCIJSOdi\lia: C, 22.04; 13, 1.85; N, 5.14. Found: 
C, 21.96; I-I, 1.85; X, 5.32. 

ttccmpted Conversion oj" N-  l'ric1~loroacetyl- to 0 - l'richboroacetyl- D~-seti?ze: Attempted 
N + 0 I'richloroacyd ShiSt 

N-Trichloroacet~7l-~~-serii~e (2.0 g )  was suspencled in anhydrous ether (125 ml) and 
treated with a stream oi hydrogen chloride gas lor 4 hours. After approximately $ hour, 
solution was complete and, ~ipon evaporatioll to dryness, ~rielded an oil which rapidly 
crystallizecl. The product, 2.0 g, 111.p. 10(i-109", was identical by mixed melting point 
and i~lirared absorption with the starting material. 

D L - S ~ Y ~  Hydrocl~loride 
An analytical sample ot DL-serine h~~clrochloride was prep'ired by evaporating to dryness 

an aqueous solutio~l of sel-ine (3 g in 50 ml water) containing 4 1111 coilceiltrated llydro- 
chloric acid ancl crystalliziilg the residue froni hot anhydrous ethal~ol. The product was 
recrystallized fro111 ethanol-ether. Weight 5.4 g, 111.p. 136'. Xnal. Calc. for C31-18C1N03: 
C ,  25.45; I-I, 5.70; 3,  9.90. Found: C, 25.31; I-I, 5.48; X, 10.05. 

Dichloroacetic :l fzhydridc 
This compound was prepared accorcling to the procedure employed by Teclcler (65). 

A illixture of phosphoric anhydride (141 g, 1.0 mole) and dichloroacetic acicl (129 g, 
1.0 mole) in a 500-in1 round-bottomed flask was clistilled under reduced pressure. The 
total distillable liquicl canie over a t  I 1  ti-120° a t  16.5 111111, and was collected without 
regard to boiling point. Infrared absorption analysis indicated that it contained o111y a 
trace of ~inreactecl acid. The product was redistilled in the sallle lnanner fro111 approxi- 
mately 3 g of fresh phosphoric anh~~c~ricle ancl the distillate was collected a t  essentially 
the same boiling point as above. Weight of dichloroacetic anllydride 87.1 g (72.7(% yield). 
I n  othei- preparations yields up to 84% were obtained. 

l'richloroacetic -1 nhydride 
This product was prepared in the sanle manner Irom trichloroacetic acid with phos- 

phoric a~ili>.dricle and boiled a t  145-150' a t  110 mm,  yield 77.80j0. 
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