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The 3’-fluoro (11) and 3’,5’-difluoro (111) derivatives of methotrexate ( I )  have been synthesized. Both compounds are 
potcliit folic acid antagonists arid markedly inhibit the growth of the transplanted GC3HED mouse lymphosarcoma. 

Methotrexate (I) and its 3’-chloro (IV), 3’- 
bromo (V), 3’,5’-dichloro (VI), and 3’-bromo-5’- 
chloro (VII) derivatives2 have been found to  be 
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highly effective in prolonging the life span of mice 
with advanced leukemia (L1210).3 In  our labora- 
tories, these compounds have been found to in- 
hibit the growth of the transplanted 6C3HED 
mouse lymphosar~oma.~ It was thus of interest to 
prepare the corresponding 3’-fluoro (11) and 3’,5’- 
difluoro (111) derivatives of methotrexate (I) for 
evaluation as antineoplastic agents. 

Since the direct introduction of fluorine into the 
benzene ring of methotrexate is not feasible, the 
preparation of 3’-fluoro- and 3‘,5’-difluorometho- 
trcxate was accomplished by the standard metho- 
trexate synthcsis p r ~ c e d u r e , ~  using the appro- 
priately substituted fluoro derivatives of N-[4- 
methylsminobenzoyl]glutamic acid. 

SynthPsis of 3‘-$uoromethotrezate (11) 
Careful nitrationfi of m-fluorotoluene gave, in 

(37% yield, a readily separable mixture of the 4- 
nitro (YIIIA) and 6-nitro (VIIIB) derivatives, 
in the ratio of about 1:12. Attempts to convert 
T‘IIIB to  VIIIA by the sequence 
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NOz XVII 
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gave erratic results a t  the final step. In small scale 
(0.1 mole) runs wherein the nitroaniline (XVIII) was 
diazotized in concentrated sulfuric acid solution with 
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nitrosyl sulfuric acid, and the diazonium salt (XIX) 
(X = HSOa) then reduced by the addition of an 
aqueous slurry of sodium hypophosphate and 

(1) Methotrexate and amethopterin are generic names for 
4-amin0-4-deoxy-S~~-mcthylpteroylgl~tamic acid. Its full 
chemical name is lY-{p- ( [(2,4-diamino-G-pteridinyl)methyl]- 
methylamino) benzoy1)glutamic acid. 

( 2 )  R. B. Angier and W. V. Curran, J .  Am. Chem. SOC., 
81, 2814 (1950). 

(3) iZ. Goldin, S. R. Huniphreys, J. W. Venditti, and 
N. Mantel, J .  A‘atl. Cancer 1 7 ~ 3 t . ,  22, 811 (1959). 

(4) A. E. Sloboda, J .  Pharmacol. Exptl .  Therap., 128, 
419 (1960). 

(5) D. R. Seeger, D. B. Cosulich, J. M. Smith, Jr., and 
M. E. Hultquist, J. Am. Chem. SOC., 71, 1756 (1949). 



3352 TOMCUFCIK A S D  SEEGEH VOL. 29 

TABLE I 

xmax (?YIP) X”,W (hIP) 
Benzoic Arid 0 1,v 0 lh’ log 8 o is 0 LV 

Der. HC1 NaOH CHIOII CHIOH HC1 NaOH CHaOH 

p-Iodo 256 247 249 4 20 228 225 225 
:<-Fluoro-4-iodo ( 111 1 )  255 245 246 1 16 224 22 1 220 
:<,5-1 )ifliioro-4-iodo ( S X I X )  25x 245 245 4 15 218 217 217 

cuprous oxideJ7 ai1 81% yield of 3-fluoro-4-iiitro- 
toluene (VIIIA) wah isolated. In larger scale runs, 
temperature control and effective stirring proved 
difficult to maintain, and the isolated product was 
chiefly 6-nitro-m-cresol.* Wheii thc diazotization 
of the nitroaniline (XVIII) wus carried out in 
aqueous hydrochloric acid with sodium nitrite, and 
the diazonium salt (XIX) (X = C1) then reduced 
with aqueous hypophosphorouq acid,Y G-nitro-m- 
crew1 was the solr product iwlated. The lability 
of the fluorine ill similar riitroheiizenediazonium 
salt derivatives has bwii reported.1° 

The remaining steps of the sequence VIIIA + 

XVI proceeded without difficulty. The purification 
of the crude 3’-fluoromethotrexate (11) obtained 
from the reaction of XVI, 2 3-dibromopropional- 
dehyde, and 2,4,jt6-tetraamii~opyrimidine is des- 
cribed in detail in the Experimeiital part. 

Synthesis of S’,b’-diJEzLoromethotrerate (111) 
The portion of the sequence from XX + XXVI 

has been described by Finger and his co-workers.’ 
Jurd12 has found that the action of iodine upon 

aniline in cold ethanol solution in the presence 
of excess yellow mercuric oxide gives p-iodoaniline 
in 80% yield. Application of his procedure to 3,5- 
difluoroariiliiie (XXT’I) gavc 90% crude yield of a 
monoiodo derivative, whose Y-acetyl derivative pos- 
sewed an ultraviolet absorption spectrum (A,,, 
254 mp, log E = 4.40; A,,,, 221 mp) very 
similar to that  of p-iodoacetanilide (A,,, 253 mp, 
log E = 4.38; 222 mp). Further evidence that 
the monoiodo derivative was 3,5-difluoro-4-iodoani- 
line-(XXVII) wac, its conversion, in two steps 
(XXVII + XXIX) ,  to a difluoroiodobenzoic acid 
whose ultraviolet absorption spectrum was very 
similar to those of p-iodobenzoic acid and authentic 
3-fluoro-4-iodohenzoic acid (XIII), as shown i i i  

Table I. 
Except for weak ‘Lhenze i~~idJ’  absorption, the ul- 

traviolet absorption spectra of 0- and m-iodoben- 
zoic acids showed no characteristic maxima or 
minima between 200 and 400 mp. 

CHaOH 

CHaOH 

CHiOH 

(6)  G. Schiemnnn, Be, ., 62B, 1794 (1929). 
(7) C; C. Finger, F. E. Reed, and J. L. Finnerty, J .  . 4 n ~  

(8)  W. Stocdel, - I n n ,  217, 51 (1883). 
(9)  N. Kornblum, 0,g. Reactzons, 2 ,  277 (1944). 
(10) G. C Finger, F. H. Reed, D. ?*I. Burness, D. R4. 

Fort, and R. R. Blough, J .  Am. Chem Soc., 7 3 ,  145 (1951). 
(11) G. C. Finger and C W. Kruse, J .  Am. Chena. Soc., 

7 8 ,  6036 (1956). 
(12) L. Jurd, A ~ ~ s t r d z a n  J .  Sci. Res., ZA, 111 (1949). 

Chern. Soc., 73, 154 (1951). 
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The remaining steps of the sequence XXIX -.t 
3’,5’-difluoromethotrexate (111) were carried out 
in a manner similar to that discussed in the prepa- 
ration of 3’-fluoromethotrexate (11). 

The iodination of other m-halogenated anilines 
by the Jurd12 procedure mas studied briefly. m- 
F l~oroani l i i i e~~ gave a 40% yield of 3-flUOr0-4- 
iodoaniline (XXXIII) (N-acetyl derivative 

(13) Pierce Chemical Co., Rockford, Ill., and Columbia 
Chemicals Co., Columbirt, 8. C. 



251 nip, log E = 4.38; A ~ ~ ~ o "  223 mA). The con- 
versioii of 3-fluoro-4-iodoaniline to 3-fluoro-4- 
iodobenxoic acid (XIII) is under study. 

3,5-Dichloroaizilin~ also yielded a monoiodo deriv- 
ative in Myo yield, whose structure was shown to 
be 3,5-dichloro-4-jodonniline by an indcpriideiti 
5ynthcsis f'rc ) i i  i 2 ,  fi-tlirhIoro-4-iiit roaniline. 
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xxxv 

.r 
NH2 

I 

/ NOz 
I 

I y/,/ XXXIV 

I NHp 
XXXVI 

Biological activity. For the purpose of measuring 
folic arid antagonism, an arbitrary value of 100 is 
assigned to the antagonist activity of pure nictho- 
trexate for half-maximum inhibition of the growth 
of Streptococcus faecalis 8043. In  terms of this 
standard, the antagonist artivity of I1 is 80-100, 
while that of I11 is 10. 

The antiiieoplastic activity of I1 and 111 against 
the transplanted 6C3HED mouse lymphosarcoma is 
similar to that for 3',5'-dichloromethotr~xatc 
(VI),4 but the toxicities are somewhat greater, 
especially in the rase of 11. 

EXPEltIMESTAL14 

3-l'~~tOrO-4-l/,ifrOtO~//PnP (VIIIA) ami 5-Jliioro-d-nitroto2laene 
(VIIIB).  The nitration of m-flrtorotoliiene (Eastinan Kodak) 
and separation of t.he moiionitro dcrivatives was accomplished 
by the method of Schiemanri.6 From 200 g. (1.82 moles) there 
\vas obtained 13.5 g. (ST,) of 8-fluoro-l-nitrotolucllr (VIII i l ) ,  
1n.p. 5,'%-54' (lit.6 m.p. 5:3.2"), :tnd 227.5 g. (627c) of c.riitic 5- 
flnoro-2-nit,rotolii('iie (VIIIB),  ti .]) .  i1-81 

~-i'-Fltioro-p-/ol,iidinc i IX) and :?'_flt/o7.o-p-crceio/o7//irlide 
(X).  A slrirrjr of '120 g. (3.95 g:.-atoins) of electrolytic iron 
powder in 1 1. of 0.78.1. :iinmoniitm rhloride soliit,ion7 was 
stirred a t  90" as 1G3 g. (1.05 moles) of :3-fliioro-4-nitrotoliierie 
(VIIIA) was addctl i i i  small portions during :10 min. Thr mix- 
ture was stirred at refliix for 2 hr.  : i t i t 1  thtm strain distilled, 
a inohilc wttcr-white oil hr ing o1)tainctl iii t h c  distillate. 
It was reniovrd Iiy rxtr:ictioii with (i00 rill. of diethyl cthrr.  
.4fter drying ovcr in:ignesium siilf:it(B i l i i t l  rvii1ov:tl of  rcilvcpt 
on the  stcain hath, t h e  criicle 2-fliioro-p-toliiidinc. ( IS)  WRS 
dissolved in 250 ml. of dry 1)rti;scmc. and trr:itcd s l o \ v l ~ ~  \\-ith 
125 ml. of acetic, :inhytlridr. Thv rcwatioxi mistlire n a s  stirred 
overnight a t  rooin tetnl)eratiire. Addit ion of 500 inl. of pctro- 
leum ether (11.p. :35-6rj0) prccipit,:itrd a shin>- \\-hit? crop of 

('1.<5 mm.) .  

(14) All iiwlting points \verr dctrrmincd iii  capillarv 
tubes and are uncorrected. The ultraviolet ahsorption spec- 
tra were determined on a Cary recording'spectrophotometer. 
Optical rotations urrr  de te rmind  in :t 1 dni. semimicro 
tube. 

2'-fiuoro-p-aretotolnidide (X) .  Concentration of the mother 
liqiior to a small volume gavc, a further yield of product; t h r  
total yield \vas 159.5 g. (9l?f based on st,arting 3-fluoro-4- 
nitrotoluene); m.p.  125-130"; lit.15 i1i.p. 128-125.5". Re- 
cryfitallization froni t,thanol did not, c1hang.r the melting 
point. 

4-rlcrlnr,,ir/o-Y:Pcro,.ohc,izoic ur id  ( SI), Eight!, gr:tiiis (0.48 
iiiolr) of 2'-flitor.o-p-:ic~c~t~)t~)liiicli~l(~ (1x1 \\:is s l o \ v l ~ ~  added t o  
:L stirred solittion of '1:W g. (1.71 moles) of potassiriiii prr- 
manganate and 164 g. ( 1  .:jT iiiol(w) of inagnesiiiin sulfate in 8 
1. of m t e r  at  70". T h e  suspension \\.as then rrflitxed for 6 
hr .  a r id  let stand overriight a t  rooin temperittiire. .4 224-g. 
?ample (2.12 moles) of d i d  sotliiim rRrhoriate \vat; dissolved 
in the  mixtiire, the precipitatcd m:tnganrse dioxide filtered 
off nnd washed \vith 1500 n r l .  of hot. n.atPr. Acidification of 
the com1)ined fi1tr:itc. : i d  \v:wh w:ttcsr with 400 nil. of conrd. 
hydrochloric acid precipitated 4-ac.etamitlo-3-fliiorobenzoic 
acid (XI ) ,  which \vas collected, mashed iieiitral, and dried; 
yield 80 g. (855 i ) ,  m.p. 275-280" dec. Revryst8allization from 
:<50 Darts of hoiling \v:tter gave an analvtical samrile.  in.^. ~, ~ 

282-283" dec. 

7.10. Found: C. 54.70: H. 4.41: F. 9.80, 9.64: ?;. 7.03.  7.12. 
i l~za l .  Calcd. for CjsH9FNO:,: C, 54.82; H, 4.09: F, 9.59; N, 

4-il1)iino-,?~jliro,oh~nzoic n c i i  (x I I ) .  A suspension of 
I ,59.5 g. (0.81 mole) of 4-ac,etariiido-.7-fluorol)enzoio iieid (XI )  
in a mixtiire of 1600 ml. of ethanol, 80 1x11. of water, and 250 
nil. of concd. hydroc-hloric* wid  \vas refluxed for 5 hr. A clear 
soliition resiilted i n  :XI inin. The ethanol \vas removed in 
z'ac710, leaving a seniiS4id rrsidiir. This \vas dissolved in 1500 
ml. of warm water and nriitralizrd with solid sodium car- 
I)onate. Consider:ihlr oil (ethj.1 4-ami1io-3-fluorol~enzoate 
(1 ) )  n a s  present,. A 60-g. snniplc (1.5 moles) of solid sodium 
h>droxide and 300 nil. of cthanol u-ere addctl to  the mixtiire, 
n-hich n ' ab  stirrrd at 90' until thc'oil had dissolved (20min.) .  
The, sohition \viis treated \vith aetivatrd charcoal, filtered, 
:tiid the filtrate acidified Kith 200 nil. of glacial acetic acid. 
Cooling overnight a t  4' gnve :t prrcipitate of 4-amino-3- 
fiiiorol)enzoic acid (SII)  ah i rh  w:is collectrd, washed neu- 
t,r;tl, and drird. Thr  yipid w:is 73 g. (5874,), m.p. 212-214"; 
lit.  16 1n.p. 21t5-'L I (io. 

Sc~litnc~lkrs : i i i d  1ir i l ) i i i  Ifi prc~p:Lrrtl -I-:itnino-:~-fliiorol,enzoic 
:wid (SIIj  11).  :L t w o  s tq )  proce.tliirc froiii 3-flrioro-4-nitro- 
tohtene ( ITIIA) (:tqii(wii.q pot:issium perniangmate oxida- 
tion to 3-Aiioro-4-nitro~iciizoic acid followed by ammoniacal 
icvwus hydroxide rrductiori). Thrir  ovcwtll yield was 19% 
:is cwniparcLc1 t o  the .45ck ovcsr-:tll yivl(1 hy thr  : h v e  three step 
prorrdiire. 

9- F/ t i  07.0-4 - iotlohc. n zoic (1 c id ( SI I I) (1 ) I  rl a - j u  or o-4-iodo- 
benroj/l c h l o r i d ~  ( S I V ) .  A siispciisioii of 25 g. (0.16 mole) of 
4-:tniino-:~-fliiorol~~~nzoic :ic>id (911)  in 150 g. of 6 A' Pitlfuric 
acid \\':is iniscd with 45 g. of criishml iw and stirred a t  0-5' 
:is :t sollition of 18.5 g. (0.20 inolv) of sodiiini nitrite in 50 nil. 
of water ~ w s  slowly :ic\tird. \Yhrn :idtlition of the sodium 
nitrite soliition n'w c,oiiil)lrto, 100 nil .  of icc \\:iter n.as added, 
aiid l h r  solrition stirrrd at 0-5" for :'d) tnin. .4 st:trrh-KI test 
for iiitroiis acid \vas positive,. The t1i:tzoiiiiiiii s:ilt soliition was 
atlticd to  a soliition of 45 g. ( 0 . 2 i  mole) of potassirim iodide in 
150 g. of O.Vsiilfiiric8 acid. Aftrr t h r  initial violcmt gas rvolit- 
tioii had s i i h i d d ,  the mixtiire 11 :is hratrd 011 the steam bath 
for 2.5 hr. T h e  ( ~ x c ( w  iodine MYIS dwtroyctl liy the addition 
of solid sodium ,siilfitcl. Thv cooled sitsprnsion \vas filtered 
ai id  t h r  rollrrtetl rriidr 8-fliioro-4-iodot)(,riz(~ie acid (XI I I )  
\\-:islid noiitrnl  and dried; \\-c'ight :32.4 g. (757;). Repeated 
r~,.prc,c.il,itatioiis froin alkaliiir soliition or rem! 
froin aqi ico i is  rth:irtol failcti to givc i i  complrtel!. acceptable 
:iit:ll>,tiwil sttinplt~, thoiigh t h r  in.]). of P'1!J-2:30D dec. re- 
in:iiiichd const:tnt. 

. lnnl. C:ilctl. for CiHdFI02: C, 31.60; H, 1.52: F, 7.14; I, 
47.71. Foiiiid: C, :32.:38; TI. 1.81: l', i . 1 5 ;  I, 46.80. 

(15) A .  Ost,:tszyiislci, B r t U .  soc. sci. l d t r e s  Lo'di, Classe ZIZ 

(16) F. C. Schmelkes and M. Rubin, J .  Am. Chem. Soc., 
(IS), 7 (1952). 

67, 1631 (1944). 



~-Fliioro-l-iotiol)cnzoyl i~hloridc ISIT-) n.as prrgnred from 
the acid (9111) Iiy wfiitsiiig \ v i t l i  c x ( ' c s ~  th io i i j . 1  chloride 
i i i  beiiztwc until :t c*leur solution rtisulted. Removal of 
iinchanged thioii>-l chloridc itnd benzene in vacuo gave a 
solid residue which was taken up in benzene, decolorized 
with activated charc.o:d, uiid filtered. The benzene solii- 
tion of :~-fluoro-4-iodobeii~r~yl chloride \vas used directly 
in the next step. 

.Y-(S-Fluoro-4-iodobellso!/l) -r,-glzdnmic aid (XV) . Eleven 
grams (0.075 mole) of L-glutamic acid was dissolved in 500 
nil. of water containing 7.0 g. (0.175 mole) of sodium hy- 
droxide. Separate sohitions of 4.0 g. (0.10 mole) of sodium 
hydroxide in 150 ml. of water and 3-fluoro-4-iodok1enzoyl 
chloride (XIV) (from 20 g. (0.075 mole) of 3-fluoro-4-iodo- 
benzoic acid) in 150 ml. of benzene were prepared. The 
solution of disodium L-glutamatt: v a s  stirred a t  15-20' 
(external cooling) ab 25-nil. portions of the sodium hydroxide 
and 3-fluoro-4-iodobenzoyl chloride solutions were added 
every 5 min. !&'hen the additions were complete, stirring 
was continued for another 3 hr. as a stream of air was passed 
over the surface t o  remove the benzene. The aqueoiis soh-  
tion was treated with mtivated charcoal and filtered. Acidi- 
fication of the filtrntc, with 35 nil. of concd. hydrochloric 
acid gave a white precipitate of N-(3-fluoro-4-iodobenzo)-l)- 
L-glutamic acid, which was collected, washed neutral, and 
dried; yield, 23.2 g. (78yc). -4 saniplc recrystallizcd from 
aqueous ethanol, melted a t  184-185" dec. and had a [CY]'; 
of + 13.9" (c ,  2.161 in 0.5% sodium carbonate). 

Anal. Calcd. for CuHI1FINOj: C, 36.47; 11, 2.81: F, 
4.81; I, 32.12; N, 3.54. Found: C, X G 4 ,  30.G9; H, 3.11, 2.97; 
5.08; I, 31.57, 31.75; K, 3.55. 

Disodium ~~-(S-frzcoro-4-melhylaminobenzo~l)-tglutai~~nte 
(XVI). A mixture of 22 g. (0.055 mole) of A7-(3-fluoro-3- 
iodohenzoy1)-L-glutamic acid (ST-), 22 nil. of water, 4.5 g. 
10.11 mole) of sodium hydroxide, 35 ml. of 257, aqiiroiis 
methylamine (largc exreps), and 200 mg. of fine copper dust 
was shaken in a stainless steel aiitocl:rve a t  125' for 3 lir. 
The reaction mixture was evnporatcd to dryness in z'acuo. 
The residue was dissolved in 80 nil. of warm water, t,renteri 
with activated charcoal, and filtered. After addition of SO0 
ml. of ethanol, t h e  misture was evaporated to dryncss 
in  vacuo. Ethanol addition and evaporation to dryness n-cre 
repeated twice more. The  light brown residuci7was estractcd 
with two 150-mI. portions of Iioiling acetone t o  remove the 
sodium iodide present and then dried in vuczio. The yield of 
crude disodium S-(3-fluoro-4-methylaminol)enzoyl)-~-glii- 
tamate vas  14.1 g. (74?,). I t  ivas used directly in the next 
step. 

Anal. Calcd. for C13E113FS20jSnZ: F, 5 .55 .  Fomci: I:, 
5.23. 

5'-Fluoromelholre~nte (11). A nristurc of 9.8 g. (8.5 g. 
r~a1,  0.035 mole) of 2,4,5,Ci-tetrnaini1iopyrimidinc sulfate 
and 8.5 g. (0.035 mole) of harium chloride dihydrate in 175 
nil. of water was stirred at 60" for 10 niin., then cooled to 
4j0, Six grams (0.0175 molr) of disotlium S-(3-flunro-4- 
nicthylamino)Jonzo~l)-~-glut:~m~te \vas adrlctf, ant1 thc~ p€I 
\v:ts adjusted to 4. A t  40-45' n w e  adtlrd 11 ml. of nrrtic 
arid containing 0.035 mole of 2.3-dihroiiiopropionaldrliy1~e, 
4.4 g. of iodine and 8.8 g. of potnssium iodide in 30 ml. of 
water and sodium hydroxide solution as nrcessary to  m n i n -  
tain pH 4. The resulting mixture was cooled xrll and 
filtered. 

The criide prodiict TVRS estractcd with aqueolls animoiiiiini 
r:irhonate. The  extrart was lyophylizrd, p l t ,  on n Tclite18 
rolunmi and deve!opcd with a t ~ ~ i t n n c ~ l - n i e t h n n o l - ~ . ~ ~ ~ ~  
:i(lilcoiis ammonium carbonate misturc (6 :  1 :4) .  The t l i i a t c t  
\Y:IS concentrated under reduced prcssure, clarified, atijustetl 
to  pH 4, cooled well, nnd filtered. Thcprodurt x i s  chroniato- 

(17) ;Z sample of the solid dissolved in dilute nitric acid 
gave a heavy precipitate of silver iodide on treatment v ith 
silvrr ni t r i te  solution. 

(18) Celitr is Johns-Manvillr's rcgi~tc~rcd tr:idcm:irlt for 
di:tio~ii~~ccoiis silica products. 



6-Sitro-iir-cresol is reported* to  melt at, 5G", and can he 
reduced and then :iwtyl:ttetl to  2'-hycIrox~.-p-:iretotolriic~itle, 
n1.p. li1°19. 

3,s-Di//uoi oclnilirie (SS\'I). Tlic scvcn ~ t c i )  i,c:nction 
sequenrc ironi l,;i-di~~liloro-4-riitroi,cnxenc (.4lilri~~li c'livnii- 
c:il Co.) to :3,j-tliHiioroniiiliii~ (SXVI) ~v:i? e:irricd nrit 11:- 
t,he procediires of 1~'ingor nntl c o - ~ v o r l t e i ~ s . ~ ~ ~ ~  For :il l  iitter- 
inetliates, the utisc~rvcti >.ic!ltln :ind physic:~l c,orlst:iitts c:licd;ccl 
the 1itvratiii.e v:tIiies. 

3,5-,!j $1: L oi o-.;- r'oilou ti iiiri c ( SST'I I) (1 )( d 3 ',(y'-(/ij/:( 0 1  o-.$ '- 
iodoaccdariilitle. Thirty-thrcc gr:ims (0.15 mol(~) of ircslily 
1)rcpnretl dry J (Jllon- merciiric osiclc \\-as ntldcrl t o  :i solution 
of 25.8 g. (0.20 inole) of Y,5-difli~oronriil~iie (XXTI) in 500 
inl. of absolute c*thanol. 'Yhe susperisioii 1v:is stiri,r:tl vigor- 
ously at rooni temperatiire as 5-g. portioiis of iotliw ivcre 
added a t  10-niiti. intervals uiitil 51 g. (0.20 I n c i l c , )  I i i i t l  Iwen 
added. The  react iori mixtiire \\.as stirred for :LII :itltlit ioiial 
5 hr. and then :iIlo\! cd to stand overnight :it roo111 trmpcr:i- 
tiire. 'I'he solids \\ ere rcriiovctl by filtration thrcirigti (.Mite.1s 
Conceiitrated sotliiiiii bisulfite solution \\':is :itltlctl l o  the 
fi1tr:ttc t u  destroy iiiicli:iiig(,il iodiiic. It wis t l icw cv:il)or:itcd 
to d r y n w ~  i n  z 'wuo.  '1 '11~ dark rcsitlric T ~ : I F  tritiir:itcvl \vith 
125 ml. of ?!it;;, ~)ot:is;~iiiiii iotlide solution, tlic rriitlc :3,5- 
diHiioro-4-iotloariiline I S S V I I )  collcctetl, \\-nrhi)cl wit l i  'LOO 
nil. (Jf cold nater :ind tlrictl; yiulcl, 4ti.3 g. ('30' 
1iz;ttioii UnJiii 40 11:irls 01' 25";  et1i:inol g:iv 
pi:ites, 1n.1). 1!2-1 14'. 

. 4 n d  Calctl. for  (&HlF21S: C, 28.2!i; 11, 1.58; l', 1 4 . W ;  
I, 4!).77; S,  5,4!), I2o111id: (;, 28.11: H, 1.70; F, 14.20; I, 
50.52; s, 5.35.  

A inistiire of 5 g. (0.02 mole) of 3,5-:liIiiioro-4-iotlo~tiilinc 
(XSVII) ,  5 nil. of :imtic aiih~.dritle, and 25,1111. of licnzeiie 
\ v : ~  retirixc,tl lor  45 niin. hit (Ar cooling to rooni tt~iiil)er:~fiiri~, 
thc! precripitati: \vas c*ollf'ctcd : i i i ( I  recr~.st:illizcd froin 200 
nil. of 2.57; c~th:iriol. yic~ltling 1.5 g. (20'{,) of piire 3',5'- 
tliHuoro-4'-iotIoacet:iiiilidc, ni.p. l58-15!)', A:,~~o'L '>-  l i lp 

(log E = 4.40); X:>?"H "1 m p .  
. t t t u / ,  C:iiuI, Cor C,I16F,ISO: C 7.34; 11, 2.04; F, 12.83; 

I, 4 2 . 3 ;  N, 4.72. I ~ u l l n ~ l :  c, :<2. H, 2.27; F, 12,35; I, 
32.07; 5, 4.70. 

3,j-Drlil~ioro-4-iodobtnro.nifri!e (SXVIII) n/ir l  .3,5-d/'- 
Jluoi.o-4-iotiobcrizoic acid (SSIS). Forty-tn-o gr:ims 10.105 
molc) of 8..S-difliioro-~l-iodoanilinc (XXVII) w:iS d 
in a ini.itiiw ( J f  225 ml. of gIwi:Ll wetic : ic i t l  :iiid 
of clrj. dioxiiic,. Tl i ( ,  solritiuii \viis atirrcd at  5' as IS ml. of 
wiic: t l .  siiifuric a i , i t l  \\:is slowly :tddeil. 'I'hc, siispension of the 
si11i':tte s:ilt of S S V I I  \vas cooled I~elow - 10" ant1 Iic~ltl there 
1)y :ti1 extcnrnal 1)r!. Ice-nwtone Imth  
(?light ewws)  Of i.wliiit~.l nitrittl i i i  [I!) nil .  of clr:. dioxane 
1v:is slowly : i d t l t v l .  'i'he siispeiic!rtl salt t;loi\ 1 ~ .  dissolved. 
.-\ftcr ii f1irtiit.r :30 iiiiii. :it - 10" t o  -5", 2 litcars of dry ethyl 
ether WLS addcd to precipitate tlic solid dinzoniuni sulfate. 
This ivns collected arid xashed ivitli :inother 1itr.r of dry 
ethyl  et,lier. I t  u x s  then dissolved in 1250 ml. of ice \vatjer.20 
RIcnnn.hile a soliition of 60 g. (0.38 mole) of cupric sulfate 
in 730 nil. of n.:iti,r \vv:is trcntcd i\-it,h 100 g. (1.45 moles) 
of potnusirini cyaiiidc. The brown eusp:~nsion \vas narined to  
6.5' nnd thcii c o u l d  I)CI(J\V 40". It \\;is stirred vigorously 
:IS tlic di:izi~niiini salt solution n-as s l o ~ l j .  added. Heavy 
g:i* c~volutioii iiiiil  foaming rrsrilttd. \Vhcn the re:iction had 
s i i tAt ld l  tho inistiire \vas stirrc,tl :it 70-75' for 2 hr. After 
coolirig to room tciiiprrature, the brown precipitate was 
collt~ctc~cl, n m h c d  nc,iitral, nrid dricd. I t  \vas triturated 
Ivith six 100-nil. portions of cther. The ether extracts w're 
comliincd, and the ether rcniovcd i n  I ' U C I L O ,  leaving n r&drie 
of c-riidt: :~,6-tiifliioro--l-iod~~~en~oiiitrile (SSS'III j .  

The crud,: SSVIII was nddtd to  a mixtiire of 150 nil. of 
glncinl accstic acid, 15 1111. of concd. sulfuric acid, and 15 ml. 
of w.:iter. Thc, suspension was refluxed for 17 hr. and dron-ned 

1 l:!) h. I'rosltoiiriakoff and It. J. Titherington, J .  21m. 

.\ portion of the sohition e:ivc a dcep rctl prccipit?te 

. .. . ._ 

( ' ho i i .  Soc., 5 2 ,  3978 (1930). 

irltlcvl t o  : i l I~: i l i i io  2-n: i~)htI i i~l .  

into 2 l ik rs  of wati'r. Thc broivn precipitate was collected, 
was1ied neiit r:il, and clissoivcd in oiie liter of hot \vster con- 
taining 45 g. ~f nodiiiin cnrbonatc. The :Llkdine solut'ion was 
treated >vith act.iv;rtc~tl ch:trcc~:il, filtered, and the fi1trat)t: 
acidifivtl rvith c i i i id .  hytlrcic~liliiric acid. Tlic: prccipitat(d 
~ , 5 - t l i H i i r 1 r u - - l - i , ~ d ~ i ~ ~ ~ ~ i i ~ ( i i c  :icitl (SSIS) was collected, 
wishccl nciitr:iI, :ind tlricd, yield 18.6 g. (405;). A sccond 
rcprccil)it:iticiii f roni  t l i l i i t c s  socliuni Ii)drositle soliition gnvc~ 
an an:tlytic,:iIl~. l i i ~ r [ *  s:iilipltL, n1.p. 223-235" t l ~ c .  The iiltr:i- 
vin1r.t absorption d:tt:t arc given in Tablt, I. 

.irLcli. c:licti. fllr C ~ I I ~ I ~ J ~ ? :  C, 29.~0,  ir, 1.06, F, 13.38, 
I, 44.(XJ. Foulid: C, 2!).5S, 11, 1.28, l', 13.01, I, 44.77. 

\\*lien the tli:izotiz:itioii of 3,5-diHuoro-4-iodoaniline \vas 
c:irricd oi i t  in i l i l i i t c s  liytlrnchli~ric acid soliition with aqueous 
soctiiiiii nitrite, : t i i d  ttic: :iridic- ili:izoniiini s:ilt soliltion \vas 
xiltletl ilir(,catly ( 1 1  t.tir, pot:issiiini ciiliroris cyanide solution,*' 
tlic yii~ltl 0 1  ~ ~ , ~ - ~ I ~ I I ~ ~ I ~ ~ ~ ~ - ~ - ~ I J ~ I I ~ ~ ~ ~ I ~ ~ ~ J ~ I ~  :icicl \V:IS only 10' 

3,:j-I) ij/tcoro-4- iorio//enzoiJ cii lor ide ( SSS j a r i d  S- 
(Z/ ' f l / (oi o-.C-i'r,iio/,e,i.zo// j - i . - ~ / i i i t r i i i  ic cic,i'rl !SS SI) .  SSS and 
S S S I  iv('ri3 l)r,~parecl iii :L iii:inii('r i&nlic:tl to th:it dv- 
scril)c'tl for t l ic c o r ~ ~ ~ s p n i i d i i i ~  iiionofiiiuro tierivativcs SI\- 
aiid S I ,  rcq)c,ctiv('Iy. ' l k b  r r u t l i ~  J. i ia l t l  of SSSI \v:is 84',b. 
Il~~cr~~st:illiznticiri froin :j:j'ji> (8th:uiol g:iw nn  nn:ilytic:ill!~ 
1iiirtT ~ii'otliic%, n1.p. l!J-i-1!jtioj = +l:<.S" (c 1.997, 
0.*5',;j S:i,(:C J3).  

I i t ( / ! .  ( ' : i l~d .  f t i l '  Ci~lT~ol~'~IS( Jj: C! 34.SS, H, 2.44, I:, 
!J.20, I. :jll,7:!, N, :<.:<!J. Fouiitl: c', 35.L:5> 1-1, 2.3(i, F, 9.3!J, 
I, :jl.o8, s, :3,40. 

l ~ i s o d i ~ ~ i i ~  .\V( ,~ , . i - t l i~ ico~o- .~- i i i~ , l r l i i~ / l~c i~ i inoCei i io~l ) -~ , -~ lr i~a-  
i i i u / e  SSSII. Tlic~ prcpt r i t t i~~n of S S S I I  \viis ourried oiit, on 
n 0.U55-niole sc:ilr, mactly as described for tht, monofluorn 
tlerivative (SVI ) .  Thtt isol:ited crude SSSII was used 
dirc,ctly i n  tlic s~.ntht:sis of Y',5'-diHiioroiii(!tlii)tri~xatc (111). 

3',5'-l~i~~flico~o/iie~/iotre.ruie (111). Tht: pri~paratiori of 111 
follon-(,ti the procedni,c. dcwrit)cd for the monofliioro dtb- 
rivativc (11). The crude in:itt)ri:il obt:iiiied from an 0.03 mole 
run \vas stirred a t  t iOo for 0.5 lir. in ti00 1111. of n-atcr eontnin- 
ing 0 g. of linie. T h c  iiisuluhle ni:itc~ri:rl \v:is filtered and  
\vaslied with 300 nil. of hot  Tvatcr. The filtrate was adjustrd 
to p H  10.8 with aqrieous zinc chloridr, clm-ified, acidified to  
pH 4, and filtered. This cake \vas sl i irr id a t  GO" wit'h 500 ml. 
of \vattsr and c.noiigh sodiriiii Ii!droxidc to  give p H  11-12. 
Thc. pFI ivns then :~tijiisted to 7 Fvhilc cooling to  20'. A!t,er 
vl:+rifimtion the filtratc \vas ncidificd to p H  4. The product 
was filtoreti anti piirificd furt'her through the magncsiuni 
salt as described for the nionofliioro derivative (11). 

11nal. C:~lcd. for (:201T20F2XSOj: F, 7.75, S, 22.8. Found: 
F, 8.01, S, 28.0. 

Ultrnviolct spec-tm: in 0.1.1- sodiiun hydroxide A,,, 225 
nip (log B 4.3:3), 259 nip (log c 4.48), 370 mp (log e 3.91). 
X,,i, 238 nip, 325 nip, in 0.IAV hydrochloric aid, A,,, 24:3 
inp (log E 4.32), 290 nip (log t 4.1G), 334 nip (log e 4.10), 
X,,,i, 233 nip, 203 nip, 325 inp. 

3-l;luo,o-.G-iocloanilinc (SXSII I )  and Y'-juoro-4'-  
ioiloacdanilitle. The monniodination of ?n-fluoroaniline (22.2 
g., 0.20 mol(,) was cnrried oi i t  in tho s : m e  manner as de- 
scril)cd for 3,5-diflrioro:iiiiiillc (SSVI). The crude 3-flLlOro- 
4-i~~d(~:miline ( S S S I I I )  nxs rccrystallized from 50% ethan- 
01, giviiig 19.1 g. (405;) of purr product, n1.p. 76-77". 

11nc~J. Cdcd. for CJ15FIX: C, 30.10, H 2  2.13, F, 8.02, 

53.62, s, 5.93. 
Alcetylatinn of SSSII I  wi th  acetic anhydride in refluxing 

ethw, and recrystallization of the crude Droduct from 50qn 

I, *5:{,55j S, 5.91. Found: C, ?10.16, €1, 2.2(i, F, 8.40, I, 

cthnnol pnvc pu re  :I'-fluoro-4'-iodoacetanilide, m.p. 1.51 - 
152", X"fl"" 261 niu log e = 4.39. A:!?" 223 mu. 

dnaZ:.Calcd. for' CJI7FIXO: C, 34.43, H, 2:53, N, 5.02. 
Found:  C, 34.34, H, 2.72, E, 4.98. 

S,5-D7'ckloro-~-iodouiailine ( S S X I V )  and 3',5'-dichloro- 
4'-iodoncetunilide (SSSV) ( b y  the iod imt io iz  of 3,S-dichloro- 
aniline). A solut,ion of 16.2 g. (0.10 mole) of 3,5-dichloro- 
aniline (hldrich) in 250 ml. of ethanol was slurried with 16 g 
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(0.075 niole j of freshly prepired dry y ~ l l o ~ v  iiirrc~iiric oxide 
a t  rooin temperature. 25.5 g. (0.10 mole) of iodine was 
added in one portion, and thc mixture stirred for 7 hr., then 
let stand overnight. The insolubl(,s \vert: renioved hy filtra- 
tion through Celito,l* :tnd the fi1tr:tte coiicc2iitr;itc~d to  dry- 
ness in vu( 110. Ilccryst:2ilixatioii froin 200 nil. of 75(,6 cthanol 
gave 9.8 g. of 3,5-dichl~:ro-l-io~~o:tiiiliii~~ ( .XSxIV) .  
I t  wits coiiverted dirertly to thr .V-:icetyl disrivative ( S S S V )  
by rcJfluxing with excess acetic ttiihydride i n  b~~nzent: solu- 
tion. The criid(a SSS\' \vas purified by rwr) 
from ethanol, m.p. 22:3-221°, ).ic.ld, 1 3 . ( i  g. (41 5; I):tscd o i l  
starting :~,5-dichioroariiliii(.). 

21.49, I, 38.40, 1, 4.25. Foiind: C, 29.03, H, 2.04, C1, 
21.91, 21.67, I, 38.63, S, 4.17. 

Preparatioti of S S S I V  and S S S V  ff.otri 2,6-dichloro-/t- 
nit~ouniline. 1,3-Di 
\vas obtained in 50 
11)- the method of I< 

The rediiction of SSSVI to S S S I V  was ciirritd out 1 ) ~  
the niethod of West.13 15.0 g. (0.05 molc) of 1,3-clichloro-2- 
iodo-5-nitrobenzene (SSSVI) \vas dissolvrd in 250 nil. of 
methanol containing 2 mi. of coned. hydrochloric acid. Thc 
solut.ion was stirred a t  reflux as 10 g. (0.17 g.-atom) of iron 

:lnd. Calcd. for CaIItiClJXO: C, 29.12, H, 1.83, C1, 

( 2 2 )  G. K6rner and Contardi, dtti uccarl. Li7~cei, 221, 

( 2 3 )  13. IVest, J .  Cheni. Soc., 127. 491 (1925). 
823;  ('hem. Abstr., 8, 73 (1914). 

po\v( lor  \v:is :ttldcd in siiiall pottioris. Aft,cLr :rdtlit,ioii \v:is 
coniplrtt,, the mixture \vas stirred at reflux for another 2 fir. 
:I 1 .S-g. sanil)le of solid sodium hydroxide was addrd to  
iieiitrxlizc th r  acid. Thcl hot  siisperisioii was filt(Jrcd and thc 
wsidue w;islied with 100 in1. of hot inc:th:inol. Tho conibiried 
filtrcitc: :inti wish w:tS colie?litrnte(i in v u ~ ~ ~ o  to :t tlnrk semi- 
solid rrsitiiic.. ..ittempts to isolatc pirc, S S S I V  were iin- 

s11ccc~ssl'111, so the residuc was rrfluxed with 15 inl. of acetic 
:tiihydridiL i t i  150 nil. of Iiciim~nr. T h r  reactioii inixtiire \\-as 
r o o l ~ l ,  thca prwipitnto c:ollected and rtwrystallized from 507/0 
c~thanol to give 3.2 g. (105") of authentic 3',5'-dichIoro-4'- 
iodo:~cc,t:tnilido SSSV, 111.1). 223-224". A mixed melting 
point determination on the :3'-5'-dichloro-4'-iodoacetanilide 
samples prq):wd by the above two reaction sequences 
shoived no tlq>ression. 
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Syntheses of two amino acids, P-cy~tiio-i.-al~tiiiiie and y-cYaiio-ol-r.-aniiiiol)iit),ric: acitl, are presented. 'Tliese ooinporinds 
correspond to L-asparagine and r,-glut,amine in which the p- and y-carbox:tmides :ire replnced by nitrile groiips. Carlm- 
1)enzoxy-L-aspar:tgii~e itrid carbobenzoxy-r,-glii~~niine which served as starting materials \yere smoothl\- dehydrated to 
carbobenzosy-~-ryario-~,-nl;tniiie (11) and c:irl~ol~e~izoxy-y-cyano~a-i,-:tniiiiol~iit~ric w id  with .V,AV'-dicj.eloh 
imide in a new route which had been suggested by a side re:tction previouslj. en(-oiintered i n  the s\wthesis of aslmragirie 
peptides. Selective removal of the (:iirl)obenzoxy gronp withoiit redtiction of thr nitrile group was effected with sodium 
in anhydrous aniinonia to  1-ield /i?-cyaiio-r,-alaniiie and r-cynrio-Lu-L-aininohiit?ric acid. III coiitrast, treatment of I1 with 
sodium in ammonia containing methanol yielded the reduction product 01, r-diaminobutyric acid, anu with excess sodium 
in ammonia an unidentified less basic substance was obtained in addition. Characterist'ic color reactions with ninhydrin are 
presented for these amino acids along with other 

Duriiig t lie syiithwis of ;i i i  3spar"giiie-coiitaining 
r y l i c  peiitapeptidc striicat.urally re1:ittd to the riiig 
moiet>y of oxytoriii an unusual side reaction was ob- 
served.' 0 1 1  c~ouir~ercurreiit (list rihntion of the ryc~lic 
pentapeptide product a i i  :~ddition:il peiitnpept ide 
\ u s  found. Exaniinatioii of tliis showed that, in 
place of the :ispar:tgine moiety :i rwiclue of a , y -  
tliamiiiobut'yriu acid r n i s  pi'eseiit. It tippeared t'hat 
the asparagine nioiety had been partially converted 
by tht: roupling ngrnt,2 tctrnctliyl pyrophosphite 
iiito a reducible forin, so that aftcr a further syn- 
t hetir step involving sodium in liquid ammonia 
cu,r-di:iniiiiol)utyri~ acid was forrncd after hydroly- 

sis i i i  p1:ic.e of aspartic :wit1 a i i t l  :minioiiiii. 'h re- 
nc t ivit ies of t he nl t e r d  asparagiiic moiety , iiannrl y , 
its hydrolysis to aspartic acid aiitl it,s reduc:ik)ility, 
at Imst in  part, t o  ii hisic* groiipiiig a i d  thc (I(.- 
hydratiiig nature of  the cwupliiig reagcnt that h:id 
I)ecw employed suggcsttd that the asparagiiie-P- 
carboxainidc had been dehydrated to a cyano group 
although other explanations were possible. 

In  order to gain further knowledge on t,his inter- 
esting side iwction of peptide syiithesis it u x s  tlc- 


