
10-1 KliAl'CHO, MlLLONIU. T 

viscous oil was obtained: it crystallized on trituration with 
petroleum ether (bp 90-120°); dinitrophenvlhvdrazone, from 
ElOII, mp 187-189°. Anal. (C.sH^CUN.-.O,) X.' 

Dimethyl 4-methylbenzenephosphonate [V, R = POfOCH, -
was obtained according to Kossolapoff,'" bp 143-140° (2- 3 mm). 
H20I) 1.5060, yield 81 r'(. A side product was also obtained, bp 
180° (2-:') mm), nwu 1.5470, yield 16 r , . that remains as a residue 
during distillation of the reaction mixture and which is assumed 
(after analysis of the nitrated product) to be tetramethyl methyl-
ben/ene-2,4-diphosphonate. 

V lli = PO(OCH3>>] (2 g, 0.01 mole) in 20 ml of IK'l ul l.lllj 
was refiuxed for 7 hr and gave after 24 hr of standing at room 
temperature 1.1 g (Co' ,) of 4-methvlbenzenephosphonic acid. 
mp 189-190° (H20).'» 

Dimethyl 3-Nitro-4-methylbenzenephosphonate [VI, R = 
PO(OCH,)2]. A mixture of 5.2 ml of HXO, id 1.42) and (i ml 
ol II.SHh id 1.83) was added slowly to a cooled and stirred solution 
(0-5°) of Hi g (0.08 mole) of V'[K = P()(()CH3),] in (it) ml ol' 
II2S(),i ul 1.83). After complete addition, the mixture was 
stirred for an additional 0.5 hr and poured over 300 g of crushed 
ice. The resulting oil was extracted i'C6H6), washed (II2()i. 
dried (XaiSO,), and evaporated to dryness, giving 1(5.5 g (84' , i 
of VI as an oil, bp 170° (2-3 mini, H2'»D 1.5:530. A mil. "((',,H,.,-
\ ( V P ) X. 

The following compounds were obtained similarly: methyl 
3-nitro-4-methylbenzenesuIfonate, mp 52-53° (OsHs-petroleum 
other, !: 1), yield 98% [Anal. (C,H70.-,S) N] ; 3-nitro-4-methyl-
benzenesulfonyl morpholide, ni]i 119120° [A mil. (C'ulb-
N,0;,S)X]. 

\'I (2 g, 0.008 mole) in 20 ml of IK'l \d 1.19) was refiuxed for 
7 hr and gave, after 2 days of standing at room temperature, 0.9 
g (53 ' ; ) of 3-nitro-4-methylbenzenephosphonic acid: mp 189° 
(KtOAc);1" ttv spectrum, Xmils 256 HIM (e 4265). 

Dimethyl 3-Amino-4-methylbenzenephosphonate [VII, R = 
PO(OCH3>.l. VI [U = PO(()OH..)..l (10 g, 0.04 mole) in 200 
ml of anhydrous MeOH was hydrogenated at atmospheric 
pressure and room temperature with 6 g of 5 ' , Pd-0'aOO:, 
catalyst. The theoretical amount of H ; was absorbed in 0.3 hr. 
After catalyst removal and solvent evaporation under reduced 
pressure, the oily residue thus obtained was taken up in dry 
(,'iiHii, treated with charcoal, and evaporated to drvness giving 
6.5 g (74 ' ( ) of VII |H = P()((>CH:,V, as an oil: V«u 1.5490; 
ttv spectrum, X„,ilx 305 DIM if 2340). 

Similarly prepared were 3-amino-4-methylbenzenesulfonyl 
morpholide (\TIm, Table ID and methyl 3-amino-4-methyl-
benzenesulfonate (VIII, liable 11). 

Cinanserin,'- a potent serotonin inhibitor, suppresses 
ihe primary immune response of mice to sheep red 
blood cells.3 Subsequent studies showed cinanserin 
to be more active than azathioprine in suppressing the 

(1) P rev ious paper : J. Krapcho ami ("'. V. T u r k , ,/. Meil. Chun.. 9, 801) 
(ltlli(i). 

\'Z) C inanser in is the a p p r o v e d iieneric n a m e for 2 ' - ( : t - i l imethvlamino-
prupyl t l i iu) i ; innamanil i t to . 

01) K. ( ' . Milloniji, B. ,1. Amreiu, ,1. KirMihbanin, and A. l i o n n a n . / ' , ' „ , 
S,„: KtiiU. liiol. Mud., in press. 
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) Ilvdroxyethvlaiinn was carried oul according to the previously 
l described method.5 The following compounds were obtained 

i melting point, yield, X analysis): 3-|X,X-bis(2-hydroxyetliyl i-
anhno]-4-methylbenzenesulfonyl morpholide [oil, 8 6 ' , , !<' ;,Jb ( r 

NiiOiS: X], 3-[X,X-bis('2-hydroxyethyl)amino|-4-inetii\'ll)eiizenc-
> sulfonic acid [150-153°, 90'',', ' (0 ,41, ,XO:,S ) X', dimethyl 3-

jX,X-bisi2-li\'drox\eti\vl)aminoj -4-meth\'lbenzene])liosplionaic 
1 [oil («20i) 1.52441, 93 ' , , ' (C'13H.,.,X()3P) Ni. 'and 3-|N,N-bis(2-h\-

droxyethyl )ainiiioi-4-methyliiitrobeiizetie [112 113° i toluene i. 
SO',', i(;:,H,liX,()4i N]. 'Methyl :!-|X,X-bis(2-liydroxyethyl i-

I amino[-4-methylbenzenesulfoniite was not isolated, being directly 
i subjected to clilnriuation. 

('hlorinalion was accomplished as previously reported.- Dur
ing chlorinalioii of sulfonic derivatives methyl ester hydrolysis 
occured, giving directly 11(1! = S()3I1). 

I 3-[N,N-Bis!2-chloroethyDamino|-4-methylbenzenephosphonic 
Acid (In). To 5 g (0.016 mole) of the corresponding bisfhy-
droxyethyli derivative in 75 ml of dry OJI.i was added N nil of 

• freshly distilled 8 0 0 b . and the mixture was refiuxed for 2 hr. 
Alter solvent and excess S( )0b removal under vacuum, 30 nil of 
IK'l til 1.19' wa> added, and the solution was healed to boiling 

! for 0.5 lu', treated with charcoal, and filtered to remove the 
resins. To the filtrate. 25 ml of HOI ul 1.19) was added, and the 
solution was refiuxed for 10 hr and allowed to stand 2 days al 

I room temperature. IK'l removal under vacuum gave 4 g of a 
i yellow oily residue consisting of a mixture of In and monomel hyl 

esler oi In. 
Separation of the two compounds, was done by dissolving ihe 

residue in IDO, filtering the insoluble ester, and concentrating 
the solution after adding few drops of HOI; or, the residue was 
dissolved in the minimum amount of lhO-KtOH (1:1 i and passed 
over Merck 2 (weak basic) ion-exchange resin, which retained 
only the free acid In. Its elution was carried out with IM) 
HtOH-HOl ul 1.19). 9 :9 :1 . Analysis of the solid (no inching 
point till 350°) was in agreement with the calculated data for 
In: uv sped nun. \„.,i 257 m,u ('<= 3454). 
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uptake of Cu- labeled leucine and thymidine by human 
lymphocytes stimulated by phytohemagglutinin and in 
prolonging the time of survival of skin grafts between 
congenic strains of mice differing at the H-2 locus.4 

Cinanserin also suppresses the secondary immune 
response of mice to sheep red blood cells and the develop-

i li Ci. II. Sr l inur l / . , E. Ainl.imler. 11. K. Uiilsiio, K 11. S ipn /c l . anil A. 1,. 
Hill.in, rim. Id.:-., 16, :Wti i lOtiS}. 

Immunosuppressive Activity of 2 -(3-Dimethyiaminopropyilhio)eimiamaii i l iue 
(Cinanserin) and Related Compounds. IV1 

JOHN KHAPCHO, R O B E R T C. M I L L O M G , C H E S T E R F. T T U K , AND BLANCHE •). AM KEEN 

The Squihlj In.ililitU: for Medical Research, X<w Bntt)*<i-ick, Xiur ./rr.sci/ OSUOd 
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Several test procedures have previously shown cinanserin, si potent inhibitor of serotonin, to lie more active 
than azathioprine as an immunosuppressive agent. Seventy-two compounds related to cinanserin were tested 
for immunosuppressive activity using the mouse-sheep red blood cell procedure and compared with their anti-
serotonin activity. The syntheses and physical properties of the new analogs of cinanserin are also reported. 
Although most compounds of this series showed a similar degree of immunosuppressive and autiserotonin activi
ties, several members exhibited a marked separation of these responses. Five compounds showing high-immtum-
suppressive low-antiserotonin activities are presently undergoing further biological evaluation. 
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ment of allergic aspermatogenesis in the guinea pig,5 

causes no bone marrow toxicity,3 and may be useful in 
the treatment of autoimmune diseases and in the pre
vention of graft rejections. 

In order to determine a structure-activity relation
ship in this series, 72 compounds related to cinanserin 
(1) were screened for immunosuppressive activity using 
a slight modification3 of the mouse-sheep red blood 
cell test6 and compared with the antiserotonin effect, 
as measured on the isolated rat uterus7 (Tables I—III). 

TABLE I 

MODIFICATION OF BASICALLY SUBSTITUTED SIDE CHAIN 

a X(CH2)„B 

NHCOCH=CHC6H5 

N o . 

1 
2 
3 
4 
5 
6 
7 
8 
y 

10 

n 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

X 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
0 
0 
0 
0 

so-
CO 
CO 
C O N H 
C O N ( C H s ) 
C O O 
N H C O 
N ( C H j ) 

n 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
d 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
3 
2 
3 
3 
2 
1 
3 
3 
2 
2 
2 
2 
2 
2 

I m m u n o 
suppress ive" 

ac t . 

Ant i -
serotonin' ' 

a c t . 
5 
5 
2 
2 
3 
3 
3 
3 

N(CHs)» 5 
N(C!Hs) 2 1 
N I C H ( C H 3 ) : ] 2 3 
N ( C H ! ) C H 2 C H 2 O H 3 
N ( C H 2 C H s O H ) . 4 
NC«H 8 O c 3 
N C j H s N C H V 1 
N C 4 H 8 N C H 2 C H 2 0 H C 2 
NC 1 H 8 NCH!CH2CeHs ' ; 1 5 
NCiHsNCaHY 3 4 
N C . H s N - 2 - p y r i d y P 1 5 
N H C ( N H , ) = N H 3 5 
N ( C H 3 ) 2 4 3 
N(CH 3 )2 4 3 
N H C H j 4 3 
N H i 1 2 
N ( C H 3 ) C H 2 C e H f 2 3 
NCsHio" 1 1 
NCoHsOc 3 4 
NC4H 8 N-2- (CH 3 0)CeH4 e 0 2 
N H C ( N H 2 ) = N H 4 5 
N ( C H 8 ) C ( N H 2 ) = N H 1 4 
N H C ( N H C H 3 ) = N H 3 2 
N ( C H 3 ) C [ N ( C H 3 ) 2 ] = N H 1 1 
N ( C H i ) . 2 2 
N ( C H 3 ) 2 4 5 
N ( C H 3 ) 2 3 3 
N C . H 8 N - 2 - ( C H 3 0 ) C 6 H 4 c 4 3 
N ( C H 3 ) 2 4 1 
N f C f t ) : 3 3 
K ( C H i ) ! 0 2 
N ( C H i ) . 3 1 
N ( C H . ) . 1 5 
N ( C H i ) . 2 1 
N ( C H i ) . 0 1 
N ( C H i ) . 1 2 
N ( C H i ) . 3 2 
N(CHa)2 3 1 
N ( C H s ) 2 0 1 

" Activity in the mouse-sheep red blood cell test.3 Antibody 
index = ratio of the concentration of the antibodies in the sera of 
the control to that in the sera of the drug-treated mice (25 mg/kg). 
In the case of azathioprine or cinanserin, it was necessary to 
make a 64-fold dilution of the control sera to match the hemag
glutination titer of the sera from the drug-treated mice. Activity 
ratings: dilution of 64 = 5, 32 = 4, 16 = 3, 8 = 2, 2-4 = 1 and 
1 = 0 . ' Activity measured on the isolated rat uterus:7 BAS = 
1; >64X = 5, 16-64X = 4, 4-16X = 3, 1-4X = 2, 0.25-1 X = 
1, and <0.25X = 0. ' NCiH 8 0 = morpholino, NC4H8N 
= piperazino, NC5H10 = piperidino, C4H3S = 2-thienyl, C6Hn 
= cyclohexyl, and G7H9 = 2-norbonien-o-vl. d (CH2)n = CH2-
CH(CH3)CH2 . 

The synthetic routes used to prepare the new mem
bers of this series of compounds are summarized in the 

(5) R. C. Mi l lon is , m a n u s c r i p t in p r e p a r a t i o n . 
(6) H. C. N a t h a n , S. Bieber , G. B . El ion, a n d G. H. Hi tch ings , l'roc. Soc. 

Kzvtl. Biol. Med., 107, 796 (1961). 
(7) B. R u b i n , J . J . Riala, J . ( ' . B u r k e , a n d B. X. Graver , Arch. Intern. 

I'liarmacudiin., 182, 132 (1904) 

TABLE I I 

MODIFICATIONS OF ACYLAMIDO GROUP 

,S(CH2)3N(CH3)2 

NCOR' 

R R ' No . 

40 H CH2CSH5 0 
41 H (CH 2 ) 2CeHi 2 
42 H C«H6 1 
43 H C H = C H C H 3 3 
44 H ( C H = C H ) 2 C H s 0 
45 H C ^ C C e H j 2 
46 H C ( C H B ) = C H C S H . 2 

47 H C ( C 2 H 6 ) = C H C e H 5 4 
48 H C ( C 3 H 7 ) = C H C S H ( 4 
49 H C ( C 4 H 9 ) = C H C e H s 4 
50 H C H = C ( C H s ) C 6 H s 3 
51 H C H = C H C 4 H 3 S C 4 
52 H C H = C H C « H U

C 5 
53 H C H ^ C H C T H V 1 

54 CHs C H = C H C « H i 1 
55 C H 2 C t H s C H = C H C e H 6 1 
56 C O C H s C H = C H C 8 H 5 2 
57 H C H = C H - 2 - ( C l ) C B H 4 0 
58 H C H = C H - 3 - ( C l ) C 6 H 4 3 
59 H C H = C H - 4 - ( C l ) C 6 H 4 3 
60 H C H = C H - 4 - ( F ) C i H . 3 
61 H C H = C H - 4 - ( C F 3 ) C 8 H 4 3 
62 H C H = C H - 4 - ( C H 3 ) C e H 4 4 

63 H C H = C H - 3 , 4 , 5 - ( O C H j ) 8 C i H ! 2 
a~c See corresponding footnotes in Table I. 

I m m u n o - Ant i -
suppress ive sero tonin 

i n i u Q n t b 

Experimental Section and the physical properties of 
these materials are reported in Table IV. 

A study of the immunosuppressive and the anti-
serotonin results indicates that most of the compounds 
of this series showed comparable activity; however, 
several exceptions are apparent. Compounds 29, 
47, 52, 65, and 67 showed a high immunosuppressive 
response with low antiserotonin activity, whereas 2, 
9, 11, 33, and 57 exhibited weak immunosuppressive 
but strong antiserotonin activity. The most active 
immunosuppressive compounds contain the 3-dimethyl-
aminopropyl side chain. A comparison of a series of 
guanidine analogs (21-24) showed that methylation 
of the latter group resulted in less active products. 
The removal (29) or replacement of the thio linkage of 
cinanserin (1) by oxa (26) slightly decreased activity; 
however, the substitution by S02, CO, COXH, CON-
(CH,), COO, XHCO, and N(CH3) linkages (32-39) 
resulted in compounds with low to moderate immuno
suppressive activity. The meta and para isomers 
(69 and 70) were also less active than cinanserin. 
Introduction of substituents in either of the phenyl 
rings usually decreased the immunosuppressive and 
antiserotonin response; however, the analogs con
taining a CHa or a CF3 group in the anilide ring (65 
and 67) exhibited high immunosuppressive activity. 
Substitution of H of the amido group by Me, PhCH2, 
or Ac (54-56), or the replacement of the cinnamoyl 
group by crotonyl, sorboyl, benzoyl, phenacetyl, 
phenylpropionyl, and phenylpropioloyl (40-45), gave 
products with less immunosuppressive activity. Alkyl-
ation of the a carbon of the cinnamoyl portion with 
Et, Pr, and Bu groups (47-49), or replacement of the 
phenyl group by a-thienyl (51) and cyclohexyl (52), 
did not alter immunosuppressive activity. The cis 
isomer (72) was less active than cinanserin {trans form) 
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Nu. 

64 
05 
00 
07 
68 
6(1 
70 
71 
72 
7:; 

oc 
ir 
II 
H 
n 

TABI.K III 

NuCni ' JAK-SuDSTITUTKD ,AXI> H KLATED CoMroi r .NUr t 

Rs s ^^^O(CH, )3N(CH 3 ) 2 

„xx NHCOCH=CHCbH, 

H ' 

II 

CH;, 
CI 
CF3 

NO, 
3'-(3-JJimethylaminopropoxy)emnamanilide 
4'-(3-Uimethylammopi'opylthio)cinnamanilide 
3-Cinnamamido-2-(3-dimethylaminopropoxy )pyridine 
n's-Cinanserin 
2-(3-Dimethylaminopropylthio)aniline 
Azathioprine"' 
Cyproheptadine'' 

' See corresponding footnotes in Table 1. c Not tested. d Reference compounds 

inunor iuppre^ iv 
ac t i v i t y " 

Auli^erotuikin 
act ivi ty^ 

TABLE I\ ' 

N E W COMPOUNDS 

Yield, 
No. M p , ° C " 

C24H32N2OS-C6IIs07-2H20 
C2iH2BN202S-IICl 
C22H26N,02S'HC1 
019H22N4OS •() .5H2SO4-0.5H2 O 
C2 iH2 6N2OSHCl 
C22H26N20S-HC1 
C18H2„N4OS- 0.5H2SO4 

C\9H22N40S-I1C1 
Ci,,H22N4OS • C6Hs07 

C2iH26N4OS-HCl 
C20H24N2O3S.C6H,3N(.)3S 
C 2 1 H 2 6 N 2 O S - C 6 H 8 O T " 

C22H28N20S • C 6 IWV 
C24H32N2OS • C6HsO- • 0. 5H20" 
C2iH26N2OS-HCl 
C1SH22N20S,-HC1 
C20H3„N2OS-HC1 
C2,H2gN2OS-C6H l3N03S' ; 

C.iH26N20S-C2H204 

022H26N202H-HC1 
C,0H23C1N2OS-HC1 
C,(iH23FN2OS-HCl 
C2IH23F3N20S-71C1 
C21H26N2OS-H01 
C2iH26N202-HCl 
C2lJH24N2OS • C2H204 

" Crystallization solvents: MeCN, 6, 13, 18, 24, 32, 47, 49, 
50, 52, 53, 60, 61 , 72; EtOH, 46, 54, 58, 62, 65; f-PrOH, 22: 
acetone, 51; butanone, 56; MeOH-Et>0, 3, 21; MeCN-MeOH, 4; 
CHC13-Et20, 12; and KtOH-Et ,0 , 23. ' 'Salts: C6H„07 = citric 
aci<l, CJlujNOsS = cyclohexanesulfamic acid, and C2H204 = 
oxalic acid. ' Where analyses are indicated only by symbols of 
the elements, analytical results obtained for these elements were 
within =0.4','(. of the theoretical values. d Previously purified 
as oxalic acid salts: 46, mp 141-14:!° (EtOH); 47, mp'124-126° 
(EtOH); 49, mp 118-120° (EtOH); 53, mp 111-113° (MeCN). 

as an immunosuppressive agent. Five compounds 
of this series (29, 47, 52, 65, and 67) are presently 
undergoing further evaluation as potential immuno
suppressive agents. 

Experimental Section 

Melting points were taken in a Thomas-Hoover capillar)' 
melting point apparatus and are corrected. The ir spectra of all 
compounds were in agreement with the assigned structures. 

>> 
4 
6 
12 
13 
18 
21 
22 
23 
24 
32 
46 
47 
49 
50 
51 
52 
53 
54 
56 
58 
60 
61 
62 
65 
72 

66-68 
107-109 
178-180 
138-140 
149-151 
189-191 
210-212 
174-176 
85-87 
148-150 
164-166 
136-138 
123-125 

80-90 
144-146 
121-123 
135-137 
123-125 
166-168 
152-154 
172-174 
118-120 
162-164 
175-177 
172-174 
88-93 

7 
31 
36 
10 
79 
69 
38 
^)~t 

8 
•in 

19 
68 
51 
50 
54 
53 
66 
25 
50 
44 
79 
77 
60 
82 
72 
22 

C, H, N, S 
CI, S 
CI, S 
C, II, N, S 
N, S 
CI, N 
N, 8 
CI, N 
C, II, N , S 
CI, N 
N,.S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
CI, S 
CI, S 
C1,S 
X, S 
C, H, X, S 
CI, N 
CI, S 
CI, S 
CI, S 
CI, S 
CI, X 

x,s 

Most of the compounds listed in Table IV were obtained by the 
interaction of 2'-f3-dimethylaminopropylthio)aniline with the 
appropriate substituted-acryloyl chloride in the usual manner.8 

In the preparation of 65, 4-methyl-2-nitrophenol was converted 
to the product, according to the method used to obtain 26.8 

2'-(3-Chloropropylthio)cinnamanilide was treated with Nal 
and then with the appropriate amine in the usual manner1 to 
give 3, 4, and 6. 

The synthesis of 2'-(3-aminopropylthio)cinnamanilide I from 
N-(3-bromopropyl)phthalimlde] was carried out in the same 
manner as that of 2'-(2-aminoethylthio)cinnamanilide (A).h 

These amines were then refiuxed for 2 hr with 2-methyl-2-thio-
pseudourea sulfate in DMF to give 12 and 21. When A was 
treated with NT,S-dimethylthiopseiidourea hydriodide in the 
same manner, 23 was obtained. By interaction of 2'-[2-(methyl-
amino)ethylthio]cinnamanilide hydrochloride8 with dimethyl-
cyanamide in DMF for 20 hr and with excess cyanamide in EtOH 
for 2 hr, 22 and 24 were obtained. 

Treatment of 2,3-dihydro-2-phenyl-l,5-benzothiazepin-4(51 It-
one with l-(2-chloroethvl)piperidine in the usual manner9 gave 
18. 

A solution of 1 in AcOH was treated with excess H202 at 40° 
and then refluxed for 1 hr. The product thus obtained (32) was 
purified as the oxalate, mp 194-196° (MeOH). We have found 
that our previous preparation,8 in wdiich the reaction mixture 
was not heated above 40°, contained some of the corresponding 
sulfoxide. 

Addition of the base of 1 to liquid XH 3 containing 1 equiv 
of KNH2 , followed by a slight excess of Mel, gave a mixture of 
the base of 54 and unchanged starting material. Extraction of 
the residue with hexane, followed bv evaporation, gave the base 
of 54. 

A mixture of 1 and excess Ac20 was refluxed for 1 hi', partially 
concentrated, and then diluted (EtaO) to give 56. 

The cis form of cinanserin (72) was obtained by photolysis of a 
10'v solution of 1 in EtOH for 2 hr using a 450-W photochemical 
lamp. The solvent was removed under reduced pressure and 
the residue was triturated with Me2CO. The solid (unchanged 
1) was filtered off, the solvent was evaporated, and the residue 
was converted to the base. The latter was triturated with warm 
hexane and cooled to remove a further quantity of the hexanc-
insoluble trans isomer. Evaporation of the solvent gave the <•/'•-• 
base ( > 8 0 r , pure, nmr data) which was dissolved in MeCN and 
treated with an equivalent quantity of oxalic acid to give 72 
as a nearly colorless crystalline product (>70% pure, nmr data). 
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(8) J . K r a p c h o . K. K. SpiUmiUer. G. F . T u r k , and J . Fried, ./. .!/<•'. 
('hem., 7 , 376 (1964). 
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