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rhloride indicated that reaction vas practically coinplete. J 
T11e filt,r:ite w w  evnl)oratcd t o  dryncss :it 20 rnni. prc'-siirc. T11e 
solid was dissolved i i i  'rwiizene, and t lie solution ryas shakeii m-it.h 
a(~i ieo i is  XaC1, then dried (JlgSO,). The product v a s  preoipi- 
t:tted by addition of isohexane. 
melted at  160-161 O.  

dna l .  Calcd. for C18H23T203: C', 62.41: 11, 6.6$); N, 8.0!). 
I;ound: C, 62.38: H,  6.23; 1, 7.96." 

i u-Inden-1-ylidene-p-to1yl)methylphosphoramidic Dichloride 
ill ') .  - ~A iriisture of 5.0 g. of 1-(4-S-nietliylaniinc,hen~ylide11~,)- 
iiideilPa :ind 50 1111. of POC13 was refluxed for 1.25 hr. under :ill- 

tiytlrous conditions then poured into 1300 nil. of boiling isi~hexant~ 
wit11 stirring. The precipitate which formed after cwoling t o  
- 10' was recrystallized from isohexarict; !-ield 5.0 g. (63";  j: 

Am!.6 Calod. for CliH14C12SOI': C, 58.30; H, 4.03. E ' o ~ u ~ c l :  

Tetrahydro-2-( u-inden-l-ylidene-N-methyl-p-toluidino)-2H- 
1,3,2-oxazaphosphorine 2-Oxide ( V ) . - - ~ A  soliition of  5 .0  g. of I V 
i i l  50 inl. of  nitrobenzene and a solutioii of 1.0; g. o f  : h i i i i i i i o - l -  

~ I Y I ~ L I I I ~ I  i l l  30 1111. of riitriibenzerie wei'e added siriiult:iiieourI~ 
tirough eelxmtte dropping frinnels, dropwise during 36 min., 

to ii stirred soliition of 2 . N  g. o f  triethl-lamine in 100 nil. 
of  nitrobenzene. After 2 .5  hr. mire ,stirring, the  arnirie 
Iiydroc*liloride was removed b\r filtrat ion, and the nit,robenzeiie 
was removed by distillation at 1--2 ni111. The oil>- residue wa> 
wished with one 7 00-ml. portion of boiling iio1ies:rne and foiir 
%O-ml. portions of boiling iwoctane, t her1 recrystallized b)- dis- 
solving in hot benzene and adding isohesane and cooling; yield 
3.2  g. (64r0) ( i f  yellow crystals, m.p. 1:38-110". 

Anal.'' C:tlcd. for CyoH21NnOZP: (1, 68.18: H, 6.01; S, i . 95 .  
Found: C, ii8.10; H, 6.04; 4, 7.89. 

After drying, the white cr. 

(6)  C. T. 13airner. €1. Kinder. D. I3rotherton, J .  Hpiggle, and I,. Gutinan. 

( 6 )  .\nalyses by Alfred Rernhardt, SICilheirii (Riihrj, Germany. 
.1. .Ired. Chem.. 8,  390 (1965). 

2-~Iethacryloxytropones. Intermediates for 
the S!-nthesis of Biologically Active Pol!-mers 
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Rrcrired aYocpinho, 1.9, 196.i 

The  antiiiiitotic' arid a111 iiieoplastic eflec 
urally oc~i i r~%ig  t roporioid. cwlchicairie. ar 
arid ext)ensive work has 11eci11 dolie o i l  both t h e  c~heiiii;.;- 

try and the  biologiral ac.tivity of col(*liiciiie.? few 
I i~opolo11c~s also arc l;iio\vri to exhibit thc saiiie cffrc 
111 addit i o i i ,  ilopolories ai'(' I<iimv~i to  po 
agaiiist l)ac*tc~'ia.~ fungi.; aiid viiyi 

( 1 )  l'liis paper u a s  taken i n  part  froill t h?  tilpsis aiit~niitteii h y  R. . I .  
Cornell in partial f i i lf i l ln~ent of the r e q i i i r ~ m e n t ~  {Tic tlle drgrer of 1Iaster < I f  

S c i e n c e . 
(2) 1'. I,. I'arison, Chem. l ? ~ . ,  55 ,  9 ( 1 H M j .  
( 3 )  K. Sato, I<. Akaishi, K. Iiawmura, and Y. Piakamura, C a n n ,  44, 

356 (1953); K. Sato and K. Akaishi. ibid., 49, I50 (1952); S .  Katasura,  K. 
Sato, K. Akaishi. T .  Nozoe ,  and Y .  Kitahata,  Proc. J a p a n  B c a d . ,  27, 31 
36, 2.50 (1951); Chem.  Abstr . ,  46, 2700. 11460 (1952); B. Wada, Cytologia 
(Tokyo),  17, 279 (1952): J. Leiter, J. L. Hartwell, J. S. Kahler, I. Kline, 
and hf. J .  Shear, J .  Natl. CancerIns t . .  14, 365 (1963). 

(4) 8. liatasura. I<. Tamura,  S. Hatori, and S. hlaeda, Tohoku J .  Ezptl. 
M e d . ,  49, 357 (1948); Chem.  Abstr.,  43, 5906 (1949); S. Maeda, I g a k u  To 
Seibutsuuaku,  18, 311 (1951); Chem. Abstr. ,  46, 9608 (1951); R.  Meier, R .  
Schar, and L. Neipp, Ezperient ia ,  10, 74 (1954); A .  J .  Baille, G. G. Freeman, 
.J. S.  Cook, and A. R. Somerville, A'ature, 166, 65 11950); S. Katasura, Zentr. 
Bakteriol, Parasi tenk.  Abt .  I .  Orig. .  161, 206 (1954). Chem. Abstr.. 48, 12898 
(1951); S. Yang, G. Nozasya, M. Yanagisan-a, and I. hlishima, Niiigata 
Igakkaz Zasshi .  66, 515, 826, 849, 853 (1952); S. Yang, T. hlanabe, 9. 
hlaeda, and 8. Watanabe, ?bid., 67, 74, 113 ,  185, 447, 514, 938 (195x); 
d. Katasura, SI. Yanagisaaa,  J. Kiish. and S. \\'atanabe, Klin. Wochschr.. 
31, 405 (1953): Chem. Abstr. ,  47, 7586 (1953). 

( 5 )  A. J. Baille, G .  G. Freeman, J. W. Cook. and A. R. Somerville, Nature,  
166, 65 (19.50): H. Takahashi, Nzppon  ivaikagahkai  Zaeshi, 47, 212 (1958). 
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R' 
TTIien such reactio~is weiv c*amed out. as iridic~at c y 1  

above, t 1 i c ~  roiwsponding 2-iiietha(*ryloxyt ropoiies \ W I Y ~  

obtained iri good yields (50-6.j~c). Of the potential 
niononiers prepared (Ia-Ic), only Ia n-as found to poly- 
~iierize easily. '411 polymerization procedures tried t o  
date on Ib aiid I r  have failed. C o r i i p o u i i d s  Ia -I(- 
showed act ivil y against raiicer in tissue culture t (1st s. J 

l'hc honiopolynrci~ prepared froin Ia'O n-as 1iiorc act ive 
rhan the iito~ioii~cr. lo Coiiipounds Ia arid Ib   mi^ also 
scwcned for, antibariei~ial activity." These Yesults 
m S ~ O W ~ I  111 'I'abl~ I. *IS V:U~ bc SWII f1'0111 Tabk 1. 

Zone of inhil~ition, 
. . uiilth i n  min. 

I:1 1 1 1  

Is  sho\wd a good broad spectrum of ant,ihacierial a(*- 
tivity, but It) shon-rd almost 110 activity a t  all. Thr~ 
honiopolyiiier of 1a also showed a broad spec~triirn of 
aril ibacterial activity. lo 

pared eiiiployiiig i i i ~ b t  hods siniilar to those used to  pre- 
pare Ia-I(.. The structures of these compouuds arc 
shoiw tielow. Of the acylosyt,i-opones (II-VI) s h o w  

1iuinl-~c1~ of 01 her  t ropolonc est ers also 

( 6 )  Y. l iatasura and h f .  Tsuruma, Zenlr.  Bakteriol., Paras i t f nk .  A i d .  

( i )  h. Akiharrr, l - i p p o n  J'nkwrigaku Znsshi .  55, 352 (1959); Chem. . i h S ! l . .  

(8) S. Katsura,  .~'au7iy,i-Sciimiedebsrgs A r c h .  Expt l .  Pnllrol. I ' l iarmaLul. ,  

(9) Tests performed by tlie Cancer Chemotherapy Iiatiunal Service 

(10) K .  J. Cornell and L. G ,  I)onaruma, .I. Polymer  S,-i. in press. 
(11) Testing carried out tiy tlie 1Yisconsin .ilumni 'Research Foundation, 

Madison, V-is.: agar plate test, U.S.D.A. Circular No. 198, 1931. Earh 
sample was teated a t  100% concentration for acti\.ity against five reprr- 
rrntative bacl.eria species. Kesiilts are expressed as width of zone (in mni.) 
uf y r u n t h  inhibition of t h e  organism. Those compounds showing wide 
zones Tiere worthy of further testing by serial dilution technique over a 
larger number of species. This procedure provides good leads for the 
screening of rtinmicals for more specific activity by other techniques. 

1. O r i y . ,  168, 378 (1957); Chem.  Abs tr . ,  51,  16702 (1957). 

64, 10137 (19601. 

221, 215 (1954); Chem. dhsrr.  48, 0 5 7 2  (19541, 

Center, National Institutes of Health, Bethesda, l l d .  
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1315 s, 1340 w, 1370 w, 1385 w, 1420 w, 1440 m, 1475 m, 1535 w, 

11, K = C6H4N02-p; R' and R" = H 
111, R = CsH4NHOH-p; R'  and R" = H 
IV, R = CsH40CH3-p; R'  and R" = H 

VI, R = n-hexyl; R' = H; R" = NHCO(CHZ)&H~ 
V, R = CsHaNOz-p; R' I;  R" = H 

above, only VI showed activity against cancer in a tissue 
culture s ~ r e e n . ~  

Experimental12 

Tropolone was purchased from the BiddleSawyer Corp., New 
York, N. Y. 

2-Methacryloxytropone (Ia).-Ten grams (0.083 mole) of tro- 
polone, 0.10 g. of hydroquinone, 14.0 g. of dry pyridine, and 150 
ml. of dry benzene were mixed under nitrogen, and 8.52 g. 
(0.083 mole) of methacrylyl chloride was added dropwise with 
vigorous stirring. Stirring was continued for 1 hr. after the 
addition of methacrylyl chloride was complete. The reaction 
mixture was washed successively with water, dilute HC1, water, 
and finally dried (CaC12). The benzene was evaporated leaving 
a white solid. Recrystallization from hexane gave 12.4 g. (65%) 
of white needles, m.p. 78-79'. A positive Baeyer test for unsatu- 
ration was obtained; infrared data (cm.-l): 790 w, 825 m, 
850 w, 912 w, 1000 m, 1050 w, 1080 m, 1150 s, 1250 s, 1270 m, 
1350 m . 1 4 0 0 ~ , 1 4 8 0  m.1530 m,l6OO s,1620 s,1650s,1750 S, 

3020 m; 3450 w: 
Anal. Calcd. for CllHloO~: C, 69.49; H, 5.29. Found: 

C, 69.71; H, 5.16. 
2-Methacryloxy-5-p-tolylazotropone (Ib).-5-p-Tolylaxotropo- 

lone was prepared by a previously reported procedure.18 The 
bright red sodium salt was made by dissolving 5-p-tolylazotropo- 
lone in ethanol and adding an equimolar quantity of KaOCH3. 
Ten grams (0.038 mole) of the sodium salt of 5-p-tolylazotropo- 
lone, 6.0 g. of dry pyridine, 0.10 g. of hydroquinone, and 150 ml. 
of dry benzene were mixed under nitrogen. An equimolar 
amount of methacrylyl chloride (3.9 g.) was added dropwise with 
vigorous stirring. After 1 hr., the reaction mixture was washed 
successively with water, dilute HCl, water, and finally dried 
(CaC12). The benzene was evaporated off leaving 6.0 g. (5170) 
of crude product. Recrystallization from ethanol-water gave 
red-orange needles with m.p. 168-169'; infrared data (cm.-l): 
732w, 800w,825m,842w,868mJ 890m,935wJ 952m,1070m, 
1100 s, 1120 s, 1160w, 1175 s, 1210 m, 1290 w, 1320w, 1390 w, 
1460 w, 1600 s, 1630 m, 1750 s, 2900 w. 

Anal. Calcd. for C14H12N202: C, 70.11; H, 5.23. Found: 
C, 70.35; H, 5.27. 

2-Methacryloxy-5-phenylazotropone (Ic).-5-Phenylazotropo- 
lone was prepared by the procedure of Nozoe, et a1.,14 or by the 
coupling of phenyldiazonium chloride with tropolone according 
to the procedure employed to prepare 5-p-tolyla~otropolone.18 
Eight grams (0.032 mole) of the sodium salt of 5-phenylazotropo- 
lone, 0.10 g. of hydroquinone, and 5.0 g. of dry pyridine were 
mixed with 150 ml. of dry benzene under nitrogen. An equi- 
molar amount of methacrylyl chloride (3.3 g.) was added drop- 
wise with vigorous stirring, After 1 hr. the reaction mixture was 
washed successively with water, dilute HC1, water, and finally 
dried (CaCL). The benzene was evaporated off leaving 5.2 g. 
(55'3,) of crude product. Recrystallization from ethanol-water 
gave orange plates with m.p. 135-137'; infrared data (cm.-l): 
728 m, 772s,808 m,838w,868s ,890  m,945m,958m, lOlOw,  
1065m, 1120s,1145w, 1165s, 1200m,1220w, 1260w, 1285m, 

(12) Melting points were taken on a Reichert apparatus and are cor- 
rected. Infrared spectra were taken on a Perkin-Elmer Model 237 a8 
KBr wafers. s. strong 
absorbance; m,  medium absorbance; w, weak absorbance. 

(13) .l. W. Cook, D. J. Laudon, and D. K. V. Steel, J .  C l e m .  Sac., 530 
(1954). 

(14) T. Nozoe, S. Seta, H. Takeda, S. Morasawa, and K. Matsumoto, 
Proc. J a p a n  Acad., 97, 556 (1951); Chem. Abstr . ,  46, 7559 (1952); Sci. 
Repl .  Tohaku Uniu. ,  36, 126 (1952); Chem. Abstr.,  48, 4497 (1954). 

Legend for the interpretations of infrared data: 

1580 6, 1600 s, 1620 s, 1720 s. 

C. 69.49: H. 5.04. 
Anal. Calcd. for C17H14N203: C, 69.37; H, 4.79. Found: 

'2-p-Nitrobenzoxytropone (II).-Three grams (0.02 mole) of 
the sodium salt of tropolone and 3.2 g. of dry pyridine, xere 
added to 100 ml. of dry benzene. With vigorous stirring, 3.7 g. 
(0.02 mole) of p-nitrobenzoyl chloride was added in small por- 
tions, The mixture was stirred for 1 hr. with the formation of a 
white solid which was filtered and dried. Recrystallization from 
ethanol gave long white needles with m.p. 175-176'; a yield of 4.8 
g. (887,) was obtained from the reaction; infrared data (cm.-l): 
713 s, 728 w , i 5 5 w ,  785s, 835 m, 860m, 878 m, 948w, 980w, 
1020m, 1045w,lOTO s, 1135 w, 1180w, 1220m, 1250s, 1275 s, 
1280s, 1350 s, 1395 m, 1475 m, 1540 s, 1600 s, 1620s, 1650 m, 
1760 s; 3100 w, 3500 w. 

Anal. Calcd. for C U H ~ N O ~ :  C. 62.00: H. 3.34. Found: 
I .  -. . . 

C, 62.00; H, 3.60. 
2-p-Hydroxylaminobenzoxytropone (III).-Ten grams (0.037 

mole) of the nitro derivative was added to a mixture of 200 ml. 
of methanol and 0.5 g. of palladium on carbon. Reduction was 
performed by bringing the reaction into contact with hydrogen 
at  2.81 kg./cm.2. After taking up 0.08 mole of hydrogen, the 
mixture was filtered to remove the used catalyst. The meth- 
anol was evaporated leaving 7.6 g. (80%) of crude 2-p-hydroxyl- 
aminobenzoxytropone. An oil formed when recrystallization 
was attempted from ethanol. The oil eventually solidified and 
upon repeating this process several times purification of the 
product was achieved; m.p. 158-159". A positive Tollens test 
was obtained; infrared data (cm.-l): 760 m, 775 m, 825 w, 
865 m, 1000w, 1020 w, 1060w, 1145 s, 1165 w, 1225 m, 1250 s, 
1265 m, 1285 m, 1470 m, 1510 m, 1540 m, 1605 s, 1725 s, 3100 m, 
3280 s. 

Anal. Calcd. for C~~H~IWOI:  C, 65.36; H, 4.30. Found: 
C, 65.16; H, 4.36. 

2-p-Methoxybenzoxytropone (IV).-Tropolone (10 g., 0.083 
mole) and 14 g. of dry pyridine were dissolved in 150 ml. of dry 
benzene. An equimolar amount (14.6 g.) of anisoyl chloride 
was added dropwise nTith stirring. Stirring was continued for 
1 hr. after the addition of anisoyl chloride was complete. The 
reaction mixture was washed with water, dilute HCl, water, 
and finally dried (CaC12). The benzene was evaporated leaving 
18.7 g. (88%) of crude product. Recrystallization from ethanol 
gave white needles with m.p. 147-148'; infrared data (cm.-l): 
760s, 775 m, 790w,850s,  875w,945~ ,101Om,1020s ,  1062 6 ,  
11%0m, 11408, 1170s, 1180 m, 1250 s, 1275 s, 1385 m,1425 m, 
1435 w, 1460 m, 1510 s, 1575 s, 1605 s, 1630 m, 1725 s, 2830 w. 

Anal. Calcd. for C15H1204: C, 70.30; H, 4.72. Found: 
C, 70.33; H, 4.79. 
3-Iodo-2-p-nilrobenzoxytropone (V).-The potassium salt of 

3-iodotropolone was prepared by the procedure of Kitahara and 
Arai.l5 Ten grams (0.036 mole) of this salt and 5.7 g. of dry 
pyridine were mixed with 200 ml. of dry benzene. The mixture 
was stirred with the addition of 6.7 g. (0.036 mole) of p-nitro- 
benzoyl chloride in small portions, heated to 60" with a water 
bath, and maintained at  that temperature for 1 hr. with stirring. 
The precipitate was filtered off, washed with water, 5y0 NaOH, 
and finally with water. The crude product weighed 2.85 g. 
(20y0) and was recrystallized from ethanol giving pale yellow 
needles with m.p. 181-183"; infrared data (cm.-l): 710 s, 
736m, 765s, 778w,845m, 8 6 5 ~ , 8 7 5 m , 8 8 5 ~ , 9 5 5 w , 1 0 1 5  m, 
1030 w, 1075 s, 1150 s, 1170 w, 1210 m, 1250 s, 1265 s, 1310 m, 
1330 s, 1365 w, 1395 w, 1450 w, 1475 w, 1510 s ,  1560 m, 1580 s, 
1715 s; 3300 4. 

Anal. Calcd. for C,aHJSOa: C. 42.30: H. 2.03. Found: , ,  _. . - , 

C, 41.88; H, 2.33. 
2-Heptanoyloxy-5-heptanamidotropone (VI).-Five grams 

(0.036 mole) of 5-aminotropolone and 5.5  g. of dry pyridine were 
dissolved in 100 ml. of dry benzene. Two molar equivalents 
(11.8 g.) of heptanoyl chloride was added dropwise with stirring. 
After 1 hr., the reaction mixture was washed successively with 
water, dilute HC1, and water and finally dried (CaC12). The 
benzene was removed by evaporation leaving 2.8 g. (22%) of 
crude product. Recrystallization from ethanol-water gave a 
white powder with m.p. 112-113'; infrared data (cm.-l): 
852m, 858s,882w, 908w,97Ow, 1090m, 1110wJ1145m, 1169m, 

(15) Y. Kitahara and 'I?. Ariti, Pruc.  J a p a n  BLSIZ., 27, 423 ( lY5l ) ;  C h ~ n .  
A b s t r . ,  46, 7650 (1952). 




