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of AcpO. After 2 days the solution was poured into ice-HzO, 
and the solid was filtered, recrystallized from C6Hti-cyclohexane, 
and chromat,ographed on 5 g of silica gel. Elution with EtOAc- 
CHC1, gave 8, identified by iimr and chromatography. 

3’-Thymidinyl 5’-Thymidinyl Carbonate (lo).-An SOYo 
HOAc (50 ml) solution of 2.0 g (2.7 mmoles) of 9 was refluxed 
for 10 min, poured into 200 ml of ice-HpO, and filtered. Evapo- 
ration and recrystallization of the residue from MeOH gave 0.7 
g ( 5 0 s j  of 10, mp 205-210”, softens 137-150’; ascending 
chromatography in SH,HC03 (16%) gave an Ri of 0.71. The 
nmr (l)lISO-c/6) showed the expected resonance signals, similar 
t o  those folind in 9.  

A sample ( O . i  g, 1.37 mmoles) of 10 was heated in 50 ml of 
dry pyridine contaiiiing 0.7 g (2.75 mmoles) of trityl chloride for 
2.5 hr. The solution was poured into 300 ml of ice-HzO and 
filtered, and the solid was dissolved in CHCl,, dried (AlgSO,), 
and chromatographed on 45 g of silica gel. Elution with 47, 
31eOH-CHC13 gave 0.22 g of a solid identical with 9 by melting 
point and ascending chromatography in i-PrOH-Ha0 (4: 6), 
Rf 0.78. 

3’-(5’-Diphenylphosphorylthymidinyl) 5’-Thymidinyl Carbon- 
ate (ll).-A cold (0”) solution of 100 mg (0.20 mmole) of 10 in 
2 ml oi dry pyridine was treated with 200 mg (0.75 mmole) of 
diphenyl phoaphorochloridate’” and maintained at 5” for 12 hr. 
The solvent was evaporated and the residue was dissolved in 
CHCl,, washed with H,O, dried, and chromatographed on 4 g 
of silica gel. Elution with CHpC12 containing increasing amounts 
of h1eOH gave 12 and finally 0.027 g (25%)  of 11 as glasses 
characterized by nmr. 

I t  wad found in rubsequent reactions that the monophosphoryl- 
ated prodiirt 11 could be separated from 12 by fractional crystal- 
lization from CHC13. Anal. (11, C3,H3,N4014P.Hp0) C, H, N, P. 

Acetylation of 17 mg (0.023 mmole) of 11 was accomplished 
using 23 mg (0.23 mmole) of AcpO in 1.5 ml of dry pyridine. 
After 12 hr at 25” the solution was poured into ice-HpO, extracted 
with CHC13, dried (AIgSOa), and evaporated to  a glass. The  
nmr (CDCls) showed the acetyl methyl protons at  2.10 ppm and 
the two 3’-methynes at  5.30 ppm. 

3’-(5’-MonophosphoryIthymidinyl) 5’-Thymidinyl Carbonate 
(14).-An EtOH (5 mlj solution containing 100 mg (0.13 mmole) 
of 11 !vas added to prereduced PtOp (80 mg) in EtOH and reduced 
at  atmospheric pressure for 18 hr;  slightly more than the theoreti- 
ra1 amount of Hp was absorbed. Filtration and evaporation 
gave the product, mp 185-200’. Anal. ( C ~ ~ H W N ~ O M P . ~ H Z O )  C, 
H ;  K: calcd, 8.95; found, 8.45. 

Anal. (C21H26N4011) C, H, N. 

3’-Thymidinyl 5‘-(5-Fluoro-2‘-deoxyuridinyl) Carbonate (15). 
-A CBHs solution (75 ml) of the chloroformate 6 prepared from 
1.5 g (3.1 mmolesj of 5’-O-tritylthymidine was added slowly 
(45 min) to a cold solution (0-5’) of 0.45 g (1.8 mmoles) of 5- 
fluoro-2’-deoxyuridine in 30 ml of dry pyridine. After stirring 
12 hr, 50 ml of H20 was added and the mixture was extracted 
with three 100-ml portions of CHCL. After drying and concen- 
trating, the residue was chromatographed on 60 g of silica gel. 
Elution with CHCl, and 4y0 AIeOH-CHC13 gave 0.56 g of the 
trityl product which was rechromatographed on 25 g of silica to 
remove minor impurities. 

A solution of 0.447 g (0.59 mmole) of the tritylated compound 
was refluxed for 10 min in 20 ml of 807,  HOAc, poured into 200 
ml of ice-Hp0, and estracted with two 150-ml portions of C6H6. 
The residue of the aqueous solution was evaporated and washed 
with 3IeOH to give 15 as a solid; recrystjallization from HpO- 
MeOH gave 0.124 g (17%), mp 220-224’, IIV, 266 m p .  Anal. 

3’-(5’-Fluoro-2’-deoxyuridinyl) 5’-Thymidinyl Carbonate (18). 
-COClp was passed for 45 min into a cold (0-10”) solution of 
3.5 g (7.1 mmoles j of 5’-0-trityl-5-fluor0-2’-deoxyuridine~~ in 
100 ml of dry THF containing 0.56 g (7 mmolesj of dry pyridine. 
After COClp treatment, the mixture was filtered and concentrated 
(under vacuum) to  20 ml. This solution of 16 was added slowly 
to a cold ( 5 ’ ) ,  stirred solution of 1.5 g (6.2 mmoles) of thymidine 
in 20 ml of dry pyridine. After 18 hr at room temperature the 
solution was poured into 300 ml of ice-HBO. The aqueous 
solution was decanted from the heavy precipitate and the pre- 
cipitate was dissolved in 3IeOH. Repeated dissolution and 
evaporation afforded 5.2  g of white semisolid which was chro- 
matographed on 60 g of silica gel (Brinkman 0.20-0.05 mm). 
Elution with CHC13 and CHCl,-2% AleOH removed starting 
materials and impurities. Elution with CHCl3-4% MeOH 
afforded 3.21 g (687c based on thymidine) of 3’-(5’-O-trityl-5- 
fluoro-2’-deoxyuridinyl) 5’-thymidinyl carbonate (17). Anal. 

A solution of 0.95 g (1.2 mmoles) of the tritylated compound 
17 was refluxed for 10 min in 20 ml of 80% HOAIc, poured into 
200 ml of ice-HpO, and estracted with two 100-ml portions of 
CtiHti. The aqueous solution was then evaporated in uac?Lo, 
washed with AIeOH, and filtered to give 0.6 g (93%) of 18 as a 
white solid, mp 155-160”. 

(CzoHzJ+T,Oii) C, H, F, N. 

(C3~HaiFN4011) C, H, F, N. 

Anal. (C~oHp,FN,OIIj C ,  H, F, N .  

(19) J. J. Fox and N. C. hliller, J. Org. Chem., 28, 936 (1963). 
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Preparation of a series of 5-substituted 4-nitro-4-penten-1-01 acetate and related analogs is described. Many 
compounds in this category demonstrated confirmed inhibitory activity against Walker carcinosarcoma 256 in 
preliminary biological testing. Structure-activity study indicated that the nitroalkene portion of the side chain 
is essential for the oncolytic property. The relative activity and toxicity of these compoiinds are dependent on 
the length of the aliphatic side chain and substitution at the terminal positions. 

I n  connection with a structure-activity study of 
the alkaloids tylocrebrine (Ia) and tylophorine (Ib), 
which showed anticancer activity against leukemia 
1,1210,2 the phenanthro [9,10: 6’,7’]indoliaidine3 nu- 
cleus (IC) was prepared in this laboratory. Compound 

(1) (a) The investigation is supported by the Cancer Chemotherapy 
Piational Service Center, National Cancer Institute, of the National Inati- 
tutea of Health, Public Health Service (Contract PH-43-65-94). (b) Pre- 
sented in part before the Division of Medicinal Chemistry, 155th National 
Meeting of the American Chemical Society, San Francisco, Calif., Spril 1968, R- 
Pi-59. 

(2) E. Gellert and R.  Rudzats. J .  ‘Wed. Chem., 7 ,  361 (1964). 
(3) T. R. Govindachari, &I. V. Lakshmikantham. K. Nagarajan, and 

Ia, R,, R2, R3, 11, = OC&; R; = H 
b, Ki, Rp, R,, Rj = OCH3; K3 = H 

I3. R. Pai. Tetrahedron,  4,  311 (1958). C, RI, R2, Rz, Kc, Rz = H 



IC does riot retain the original activity exhibited hy tlic 
inethoxy derivative<. Ho\vcvw, onc of thc internic- 
tliate. le:tding to IC, -l-nitro-li-('3-phe1i~tiit hryl)--l- 
penten-1-01 acetate (II), denionstrated reproduciblc 
activity ngaiti\t the V7alker cai~cino~:~rcoiii:~ 256 tumor 
iystem. 

rf" 

II 

h number of nitro compounds of natural and syn- 
t hetic origin were found to have biological a ~ t i v i t y . ~ ~ ~  
A search of the literature revealed that, while some com- 
pounds containing a nitro furictiori have long beeii 
recognized ab carcinogens,'j n limited number of 
compounds with nitro groups attached directly to  :WO- 

matic ring systems pos'e- tumor-inhibitory activ- 
ity.'-1° The antitumor propeity of riitroallieriei, t o  
our linowledge, has not yet been do,cribed. Rather, 
these compound, were reported to have fungicidal, I~--IJ 

: t~i t ibacter ia l .~~--I~ iniecticidal. 15-" :d roderit-re- 
p e l l i ~ i g ~ ~  characteriqticr. 

In order to better uiiderstand the  nature of the anti- 
tumor activity of 11, a structural modification study has 
heen initiated. In  general, compound5 of this type r:m 
be prepared by the condensation of aroniatic aldehyde. 
with e ~ t e r s  of w-nitr(~-l-:ill<:tiiol in wetic acid. 

dl CI I ( )  + OJS( C'I1J I n (  )i('tt + .II c'l I =C (CIT:),<- I (  )O(' I ?  

NO1 
TI1 

()YO(CH: JnOiC"i? 
I \  

The nitro ester:, 111 were prepared by the treatment 
of the corrcqpondiiig halogenated ester3 with hilver ni- 

( 4 )  %. Eckstein, ( l e d e r r .  Cliemikir-Zfy., 66, 111 (1965); Chrm. A t b t r . ,  63, 
18854h (1966). 

( 5 )  lf, blovrin, P'urrrL. Giusriik, 18, ti8 (1962);  P/ ierr~ .  Ab*tr . .  68, .328Rh 
(1963) 

(6) See, for  example. (a) \V. Sakal iara .  F. Fukuoka,  and T. Jugirnura, 
Gunn ,  48, 124 (1937); (b) S. Laham, Curt.  . I .  B i o c h e m .  I ' hys io i . ,  38, 1H8:i 
(1960); (c) J. .i. Sliller a n d  E. C. Miller, Cuncer Res . . ,  ZS, I292 (1963). 

( 7 )  l t .  l i a tae ,  €1. I n a n a ,  Y, Takare,  a n d  AI .  Shimi/o,  . 4 r z n e i m i l t e l - ~ o r . ~ r . h . .  
17, 1030 (1967). 

( 8 )  E;. LIiura, hI. Ikeda,  T, OoliaIclii, I .  Okada, anti Y. Iparashi .  ,I.  / ' / tr7rm. 

Sw. J r i p i u ,  84, t341, 5 3 i  (1964). 
(9) (a) .\, Ledochowski, Zenzyty .Vnzd. Politech. G'donsh.., ('/(em., 9 ( lY66) :  

Ciiurn. . ibetr . ,  68, 766530 (1968); (I,) Starogardzkie Zaklads Farmaceu. 
"polfa." French Patent  1,458,183 ( S o v  IO. 1968); C h ~ m .  d b a t r . .  68, 39493.s 
(1988). 

(10) 1'. R. Gliusli and  31. \T. JVliiteliuuue, J .  I l e r l .  C l i r m . .  11, :io5 (1968). 
(11) E. \V.  Buusquet. . J .  E. ICirhy. and  S.  E. Yearle. I:. S. Patent  2,335,384 

(Nov :30, 11118): Ciie?n. A h t r . ,  38, 2831 (19-14). 
(12)  ia)  P. \\. Brian, J. F. Grove. and .T. (;. l lcGotvan,  .Vatwe, 168, 876 

11\)462); ( I , )  J .  C .  hIcGo\\-an.  P. \I.. Brian. and  I t .  G. Hemming. . A I I I L .  l p p l .  

1, .I. C'. Cur tk ,  \S. I). Block, F;. H .  Ilarrell. C .  E. E v a n r .  
anti H. E'. Haines. . l i~ t i J , i o l .  C h e m o t h e r a p y ,  6, 385 (1956).  

(14) 0. Scliales and 11. .\. Graefe, ./. Am. Cham. Yoc. ,  74, -1486 (1UBZi.  
(15) (a) SI. liureniura. 11. Oku, T. Silono, and T. Kakanislii. Takumiirr 

K<r ik l , u , sho  .l'empo, 13, 198 ( lY61) ;  ( I , )  AI. ICoremrlra. ~ / J I , / . ,  13, 205, 212, 228 
~19131); (c )  SI, I<orvrn!irs.  I I .  O k u .  11. Nakao, T.  Shuno. and Y, Alorisaiva, 
i/,id., 13, 216 (1!4(!1); ( d l  SI. Kuretnilra and  %. t l a t t o r i ,  ibirl . .  13, 222 (196.1). 

( l t i l  (a)  SI. l iureinura,  .Vippori .\ogetl;ay;hu Kwiah~, 36, 4 i 3 ,  5R2, 557 
11LtO2): ( I l l  L l .  liore,ni!ira and  I i .  Turnita, ibad.,  36, 47'3 (1962) .  

( I ; )  .\. \S, .\, 1 3 r o \ \ n  I). R .  \\. Rol> ins ,~ t i ,  11. l l l i r t i g ,  an(1 13. .I. \ \ P I I I I I . I ,  

(.'un. ./. Kea.,  26D, 177 (1948). 
(18) K. , I .  lfzLrkc.r, I-. S ,  I 'a t rnt  2 , X W . U t i  i , l i t t i r ~  2 ,  lY591; ( ' h v m .  .Absfr.., 63, 

I T I I 4 t  (19591. 
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:md subsequently iyulated by fractional di.till:itiori. 
1. Variation of the *\ryl l'ortion-The phenaiithrciir 

moiety w:t, rcylacctf by other :ironintic .y.tcni.. 'l'lww 

c H 
I 

\' 

(10) Silver nitrite, rather than sudiiiin nitrite, iu preferred fur I tie syr i t l tes ta  
o f  nitro esters of the general s i rur ture  OA~(CIII.) ,OOCK. See S .  I i o r n i J u i i i ,  
O r y .  Renctzona, l a ,  101 11'362). 

(20) T h e  yreaence uf iliese ester8 ran be detected l is ir atid xas i:tiru[na. 
toyrapliy. Nitro psierr: usually aliu\v a strung ir band at  6 .5  f i .  ({a" cliro- 
matographic anal>-sis revealed that tlie nitro esters always slu,\ved :I longer 
retention time than tlie corresyonrling nitrite esters. \Vlien tlie lo:! v a l i i ~ s  u1 
t he  retention t ime of t l je  liomulogo~is series oi tliese t\vu euterc  re j i l o ~ t r < i  
a-ainst tlie nutnlrer 0 1  i.arli(in a w m s  of the straight chain. t u < !  dtrarght, ancl 
iiarallel lines restilt ell. 'Tl i is  relaiiun.liip <,an be used ronvenieni 1 1  l o r  rlr.l,v.- 
iiun and  veriticatiuii o t  ne\\ esterh. 

(21)  \V, l i ra l i l , r  ant1 l i .  II. B,,limiclt, H p r . ,  72B, :MI ( l $ l ; { ! l ) .  
,222) Pa \\'it,kuit" . I .  , 1 1 1 ~ .  Pht-rtc. ,S'oc., 78, 2873 (113Stij. 
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TABLE I 

l:CH=C(CI~?),00CCI-T, 
.%SUBSTITUTED 4-NITRO-4-PEKTEN-I-OL  ACETATE^ 

I 
502 

N O .  

1 

2 

3 

4 
5 

6 
7 
8 
9 

10 
11 
12 
13 

14 
I 3 

16 

R ATP, oc 

90-91 

78-80 

101-103 

3,4-(C1)2CfiH3 
p-BrC6H4 

28-30 
4 6 4 8  
62-64 
90-92 
69-7 1 
72-74 
71-73 
69-7 1 

72-74 
68-60 

140-142 
H 

Yield? 
70 Formulad 

26 CiaHiaClzNO4 
32 CI3H14BrN04 

-Uv maxe- 
A ,  m r  

340 

324 

348 

30.7 
x:20 

318 
340 
360 
359 
416 

306 
305 

301 
310 

396 

Log f 

3.87  

4.09 

3.58 

4.02 
4.31 

3.94 
4.19 
4.13 
4.20 
4.36 

4.07 
4.19 

3.93 
3.97 

4.23 

-Antitumor act. against WA 286- 
Dose, 

mgjkg 

800 
400 
200 
100 
400 
200 
I00 

400 

<i 0 
400 
200 
100 
3 0 

400 
400 

8.3 
400 
400 
200 
200 
400 
200 

3 0 
340 
170 
8.5 
43 

100 

Survivors 

5/6 
20 124 

6 '6 
6 I6 
2 /6 

39/42 
6 /6 

7 / 7  

6/6 
0 '6 

17 / I8  
6 '6 
6 '6 
6 /6 
6 '6 

16 18 
3 16 

12 '12 
0/7 
0 17 
3 I6 
4 '6 
.i/6 
0 16 
1 / 7  

11/12 
6,6 

4 /6 

W t  dif 
T - C  

- 23 
- 19 
- 12 
-8 

- 12 
-4 

-2 

- 12 

- 20 
- 16 

-2 

-8 

-10 

. . .  

. . .  

- .> 

7 

. . .  

. . .  
. . .  
-2 
- 3  
- 12 

-4 
-9 
-7 

-2 

. . .  

Tumor 
T /C  

0.13 
0.31 
0.34 
0.75 

0.26 
0.71 

0.8a 

1.11 

0.2.5 
0.24 
0.70 
0.80 
1.01 
0.44 
0.87 
0.52 

. . .  

. . .  

. . .  

. . .  
. . .  

0.68 
0.40 

0.10 
0.40 
1.01 

1.06 

. . .  

a All test results were provided by the Cancer Chemotherapy Xational Service Center of the National Cancer Institute. For an 
Characteristic conjugation explanation arid criteria of test data, see Cancer Chemotherapy Repf. ,  25, 1 (1962). 

absorption maxima (spectra taken in ethanol). 
* Purified compounds. 

All compounds analyzed correctly for C, H, N. 

TIa,  R = H TIIa ,  R = H 
b,lL = CHO b, IC = (CHt)&H3 

C, II = (CH2)3OOCCsH, 

2-Sitro-l-(9-phenanthryl)ethane (VIIa), 2-nitro-l- 
(9-phenanthry1)-1-pentene (VIIb), and 4-nitro-5- 
(9-phenanthryl)-4-penten-l-o1 benzoate (VIIc) were 
also prepared. Compound VIIa was obtained by the 
base condensation of nitromethane and 9-phenanthrene- 
carboxaldehyde in ethanol, whereas compounds VIIb 
and VIIc were obtained by the usual SH40Ac-AcOH 
method. Compound VIIb possessed good activity 
against WA-256 a t  400 mg/kg, but severe body weight 
loss was noted. Replacement of the acetate of I1 by a 
benzoate group, as in the case of VIIc, does not retain 
the original activity. Compound VIIa  showed only 
marginal activity but a closely related compound, 1- 
(2-naphthyl)-2-nitroethene,*5c demonstrated good in- 
hibitory activity against W h  carcinosarcoma 256 (see 
Table 11). 

3. Variation of the Length of the Side Chain.-The 

@,, CHJ,,OOCCH 

\ NO- 

/ 

VI11 

yield of w-nitroacetates, which were prepared from sil- 
ver nitrite arid the corresponding w-bromoacetates, de- 
creases rapidly as the length of the chain is decreased. 
Practically no nitro ester was obtained when n is less 
than 4. I n  the case of 2-bromoethyl acetate (IX, n = 
2 ) ,  the nitrite ester (XI, n = 2 )  was the only product 
isolated. 

Br(CHr),00CCH3 =+ 
I X  

02N(CHz),OOCCH3 + ONO(CHz),OOCCH, 
x XI 

Preparations of X where n = 3 was achieved by the 
reaction of AgN02 with 3-bromopropanol followed by 
acylation (Ac20) of the resulting 3-nitropropanol. 



I li0 \ ' I l l  I2 

1 ' 5  l l i,,\ 

Compound VI11 rhe re  I L  = 1 p o + e + d  confirnictl 
:ictivity ag:tin\t IY'A-236 coniparablc. to  the original 
compound ( n  = 3). When 1 1  = 2 ,  the re.ultiiig com- 
pound VI11 hecanie toxic ( ice Table 11). 

The foregoing prelimiriary ycreening reyult - cxii be 
wtnmtirized 21. follows (1) .%mong derivative\ of 3- 
.rtbitituted I-nitro-&pent en- 1-01 acetat e, P-riaph t hy 1 
>tiid 9-phenarithryl derivative.: posses\ confirmed ariti- 
t umor xctivity againht Walker carcino~arcomx 256. 
Derivative. with un5ubitituted phenyl (4) or phenyl 
wbitituted with electroll-donating g r o u p  (7-10) do 
not rctain t h c  original activity, whereas phenyl iub- 
.tituted with electron-~~ithdra\Tirig group:, ieemed t o  
po+*e\\ ~ o m c ~  activity. .i,.5'-p-~"heIiyleriehi,(~-riitro-l- 
pcnteii-1-01) dlacetnte ( 5 ) .  n htch can be con.idered ns :I 

cwmpouiid in  the 1a.t category, posse-hey corihrmed ac- 
tivity againyt W-4 2,X. ( 2 )  The riitroalkerie portion of 
tht. bide chain 13 esvntial for the antitumor activity. 
This i y  demonstrated by the factb that  the reduced 
compound> (17 and 18) are inactive, whereah 20-22 are 
:ictive. (3)  In considering the length of the aliphatic 
:,id(> chain, increased activity waz observed with :I 

itr:iight chain of six carbons (24), whercai i n c r t ~ w ~ l  

(23 )  .\I1 melting points irorrected) \rere taken on  a Thomas-Hoover melt- 
ing pvint apparatiia. The 11%. absorption spectra were determined \vit,li IL 

Beckman DK-2 spertropliotometer. \There analyses are indicated only 1,s 
symbols of the dements.  analytical results obtained for  t h o s e  elements o r  
iIinctirln3 wcw u i t l i i n  t n . 4 ' ;  oi  I I I P  t,iieoretiral ~a l i ies .  



pressure to give 232 g of an oily product. It- was fractionally dis- 
tilled in vacuo and the fraction boiling a t  85-95' (2 .5 mm) was 
collect,ed. Gc aiialysis indicated an over-all yield of 3355 (87 g)  
of prodiict. -411 analytical sample had bp 93" (2 .3  mm), ir 6.3 

4-Nitrobutyl Acetate (X,  n = 4).-To a stirred siispension of 
270 g (1.75 moles) of AgNOa in 400 ml of anhydrous Et20 was 
added dropwise, a t  O", 235 g (1.20 moles) of 4-bromobutyl ace- 
tate. .4fter the addition was complete (ca. 3 hr), the reaction 
mixtiire, protected from moist,iire and light, was stirred a t  0" 
for 24 hr and then a t  room temperature for an additional 48 hr. 
The resiilting mixtiire was filtered and the solid (AgBr) was 
washed with two 80-ml portions of Et,O. The combined filtrate 
and washings were evaporated under reduced pressure to yield 
1!)6 g of a yellow oil. It was fractionally di,hlled to give 84.9 
g ( 4 4 5  yield) of prodiict and 75.1 g (3872, yield) of t,he nitrite 
ester. (The yield and purity were dekrmined by ir and gas 
chromatography.) Repeated fract,ioriation of t,he nitro ester 
yielded an analytically pure compound, bp 103-105O (2 .2 mm). 
h a l .  (C~HIINOI) c, H, PI'. 

5-Nitroamyl acetate (X,  n = 5), bp 124-126' ( 2 . 5  mm), was 
prepared in a similar fashion, yield 42%. 

2-Bromoethyl Acetate and Silver Nitrite.-Under reaction 
conditions similar to those above, only the nitrite ester (9.7 g, 
7 2 5  yield) was obtained from 16.7 g of 2-bromoethyl acetate 
and 23.2 g of AgNO2. The product showed an ir band a t  6.1 p 
(Oh-O), and did not condense with an aromatic aldehyde. dnal. 

General Procedure for the Condensation of Aromatic Aldehyde 
and w-Nitro-+-alkan-l-ol Acetate.--A mixture of 0.1 mole of the 
appropriate aromatic aldehyde, 0.1 mole of 4-nitrobutyl acetate, 
and 0.12 mole of NH40Ac in 140 ml of glacial AcOH was refluxed 
for 2 hr. The solvent was removed under reduced pressure and 
the residue was poured into 500 ml of ice-Hp0. The mixtiire 
was then extracted with four 200-ml portions of EtlO. The 
combined ethereal extracts were washed with three 80-ml por- 
tions of HpO and dried (Na2SOI). The solvent &-as then removed 
and the oily residue was triturated with a small amount of CHaOH. 
On standing (or freezing in a Dry Ice-acetone bath) the product 
.slowly separated as a yellow solid. I t  was filtered off and re- 
rrystallized from JIeOH (see Table I). 
2,2,2',2'-TetraphenyIdivinylamine.-A mixture of 90.6 g (0.1 

mole) of diphenylacetaldehyde, 24.2 g (0.15 mole) of 4-nitrobutyl 
acetate, 5.0 g (0.065 mole) of NH40Ac in 300 ml of AcOH was 
refluxed for 2 hr. The result- 
ing white solid was isolated by filtration, washed with two 10-ml 
portions of rlcOH followed by two 10-ml portions of petroleum 

p (NOp). d n d .  (C;H&OB) C, €I. 

(CIHiNO,) C, H, N. 

The reaction mixture was cooled. 

ether (bp 33-60') to give 8.3 g (46% yield) of product, mp 145- 
147", X ? 2 O H  358 p (log e 4.40). No ir C=O absorption band 
was noted. This product was identical with that prepared by 
dehydration of 2-hydroxy-2,%-dipheiiylethylaniineZ1 or by chem- 
ical rediiction of l,l-diphenyl-2-nitroethene.z* The same prod- 
iict was obtained iii quantitative yield by refluxing a mixture of 
19.6 g of dipheiiylacetaldehyde and 11.6 g of NH4OAc in I50 
ml of AcOH. 
l-Nitro-2-(9-phenanthryl)ethene.-The following procedure is 

a modification of that reported by JIosettig and JIay.24 To 
a warm (3040")  solution of 10.3 g (0.050 mole) of 9-phenan- 
threnecarbosaldehyde and 3.1 g (0.05 mole) of JIeNO? in 200 
ml of EtOH was added in 3 min, with stirring, 50 ml of 8 5  aque- 
011s KOH. The solution was stirred for another 30 min and siib- 
sequently poured into 160 ml of 15% HC1 with cooling and vig- 
01'011s stirring. The resiilting yellow solid was filtered off and 
washed (H?O) to give 11.7 g of crude product, mp 140". It was 
recrystallized (EtOH) to give 7.0 g of pure product, mp 173- 
17,5' (lit.24 mp 173-1733'). 

Reduction of 4-Nitro-5-(9-phenanthry1)-4-penten-l-o1 Acetate 
(II).-To 200 ml of T H F  containing 16 g of LiAIHa was added 
dropwise a solution of 15.6 g (0.045 mole) of I1 in 120 ml of THF.  
After the addition was complete, the mixture was stirred at, room 
temperature for 16 hr and then decomposed (H?O). The solid 
was filtered and washed with two .iO-ml portioris of THF.  The 
combined filtrate and washings were evaporated (temperatiire 
<40°) to  dryness in vacuo. To the residiie was added, with stir- 
ring, 200 ml of Et20 And 200 ml of C&. After being refrigerated 
overnight the white solid (6.8 g, mp 75-140'), which consivted 
of a mixture of oxazine and saturated amino alcohol, was col- 
lected by filtration. Fractional recrystallization of the white 
solid from 500 ml of CsH, gave 1.0 g (8% yield) of 3-(9-phen- 
ant hrylmet hyl)-3,4,3,6-t e trahydro- I,P-oxazine, mp 187-1 89 O 
(lit.3 mp 18.5"). The mother liquor, after being concentrat,ed to 
50 ml and diluted with 150 ml of EtzO, deposited 3.2 g of 4-amino- 
5- (9-p henan thry1)pen tanol, mp 1 18-1 20 O (lit. mp 120 O ). 
4-Formamid0-5-(9-phenanthryl)penten-l-o1 Formate.-A so- 

lution of 6.5 g (0.018 mole) of the amino alcohol, obtained from 
the aforementioned LiAlH, reduction, in 100 ml of HCOOAc 
was stirred for 16 hr a t  room temperature. Excess anhydride 
was removed in ~ " x o  to an oily residue. The residue was trit- 
urated with 200 ml of anhydrous Et20 for 10 min and the result- 
ing white solid (3.3 g) wax collected by filtration, nip 145-148'. 
Recrystallization of 0.5 g of the solid from 50 nil of C6H6 gave 
0.4 g of pare product, mp 147-149" (lit.3 mp 145'). 

(24) E. Mosettig and E. L. May ,  J .  Am.  Chem. Soc., 60, 2962 (1938). 
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The synthesis of new esters and amides of 3-[?u',N-bis(2-chloroethyl)ami1io]-4-meth~~lbeiizoic acid is described. 
.4 quantitative 

En- 
Antitumor activity 

New nitrogen mustards, derivatives of phosphoric and sulfonic aromatic acids, are also reported. 
relation between hydrolysis rate of these S-mustards and basicity of precurqor amines was established. 
hancement of the hydrolysis rate due to the steric effect of o-methyl groapq was pointed out. 
n as tested against Jensen sarcoma, Walker 256 carcinosarcoma, and Gu6rin T8 carcinoma. 

Previouq studies on the relationship between chemi- 
ical reactivity and antitumor properties in aromatic 
nitrogen mustards series led us to assign some special 
"carrier" properties to the benzoic acid structure.' 
Promising pharmacological and clinical results2 ob- 
t ained with 3- [S,S-bis(2-chloroethyl) amino ]-4-methyl- 
benzoic acid (Ia, R = C02H) prompted a closer ex- 
amination of compounds I, in which the chemical re- 

(1) 0. Costtichel, I. Niculescu-Duvtiz, A. Cambanis, and G .  Ciustea, Pro- 
ceedings of the Kational Conference of Oncology, Bucharest, Nov 4-6, 1965. 

(2 )  0. Costachrl and I. Mogos, Oncol. Radaol., 7 ,  255 (1968). 

I 
R 

I 
activity of the nitrogen mustard moiety is enhanced 
by an o-methyl ~ u b s t i t u e n t . ~  

(3) I. Xiculescu-DuvXz, M. Ionescu, A. Camhanis, M. Vitan, and V. 
Feyns, J .  M e d .  Chem., 11, 500 (1968). 


