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TABLE I 
BENZALDEHYDE hXUSTARD8 

CHO 
c 2,4-Uinitrophenylhydraaone-- 

Yield, M.p. ,  y - 7 0  c a 1 c d . F  -% found- A'I.p., -----% ca1cd.- -% found- 
R R' '70 oc. C H N C H N  O C .  C H N  C "  

OC2He H 75 6 3 4 4  53.80 5 .91  4 .83  53.86 6.04 4.99 212-213 48.52 4.50 14.89 48.79 4.55 14.78 
OCH, H 79 35-36 52.19 5.48 5.07 52.07 5.32 5.25 204-205 47.38 4.20 15.35 47.65 4.31 15.27 
CHJ H" 84 Oil 55.40 5 .81  5.39 55.80 6.17 5.61 198-199 49.10 4.35 15.91 49.29 4.53 15.80 

H F 94 85-87 50.01 4.58 5.30 49.71 4.50 5.16 224-226 45.96 3 .63  15.77 45.65 3 .67  15.92 
H NOzC 94 111-112 45.38 4 .16  9.62 45.73 4.46 9.75 208-210 43.54 3.42 
H CFr 81 Oil 45.88 3.85 4.46 46.14 4.14 4.74 134-136 43.74 3.26 14.17 43.73 3.08 13.95 
d,e  85 Oil 60.82 5.10 4.73 60.77 4.92 4 .90  214-215 52.95 4.02 14.70 52.67 4.01 15.02 

H C1 b 200-202 15.20 14.99 

43.09 3.62 

a Anal. Calcd.: C1, 23.94. Found: C1, 24.02. Purchased from Frinton Laboratories. And .  Calcd.: C1, 24.36. Found: CI 
24.60. d 2-l;,K-Bis(chloroethyl)amino-l-naphthaldehyde. e Anal. Calcd.: C1, 23.94. Found: C1, 24.02. 
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TABLE I1 
ALDEHYDE DERIVATIVES 

F H z X ) 2  R 

R' 
CH=Y 

Y Hz 
RIalononitrile 
Malononitrile 
Malononitrile' 
blalononitrile 
Malononitrile 
p-Fluoroaniline 
Fluorenone hydrazone 
Fluorenone hydrazone 
p-Fluoroaniline 
p-Fluoroaniline 
p-Fluoroaniline 
p-Fluoroaniline 
p-Fluoroaniline 
Fluorenone hydrazone 
o-Aminobiphenyl 
Cyclopentylamine 
p-Fluoroaniline 
Cy clopentylamine 
p-Fluoroaniline 
p-Fluoroaniline 
Cyclopent ylamine 
Fluorenone hydrazone 
S-Benzoyl-L-tyrosine 

hydrazide" 
2,4,6-Trifluoroaniline 
o-Fluoroaniline 
p-Fluorobenzylarnine 

Yield, 
7% 
79 
83 
85 
71 
77 
81 
96 
9 $1 
74 
87 
82 
70 
72 
99 
66 
54 
67 
79 
77 
92 
80 
95 
76 

66 
90 
83 

4-Fluoro-3-methylaniline 75 
4-Fluoro-2-methylaniline 76 
2-Arnino-4'-nitro- 75 

1- Aminoindane 89 
1-Aminopyrene 98 
K-Amino-1,2,3,4-tetra- 73 

biphenyl 

hydroisoquinoline 

IM.P., 
O C .  

197-198 
130-131 
98-99 

147-148 
203-204 
78-79 

141 -1 42 
173-174 
104-105 
11 1-1 13 
95-96 

169-171 
105-106 
185-186 
92-93 

106-108 
88-89 
82-83 

Oil 
149-150 
98-99 

171-172 
188-189 

116-117 
112-114 
57-59 
90-9 1 

101-102 
125-126 

111-113 
166-167 
104-106 

'% oa1cd.--- --- 
C 

35.24 
46.47 
55.57 
51.16 
36.68 
60.19 
68.25 
47.62 
39.10 

59.53 

54.64 
63.10 
63.97 
55.26 
57.15 
58.01 

40.32 
40.02 
68.81 
62.11 

55.54 
61.19 
62.13 
62.13 
62.13 
63.16 

67.20 
73.70 
64.61 

H N 

2.75 8.81 
4.63 10.16 
4.66 12.96 
3.68 12.79 
3.08 8.56 
5 .05  8 .26  
5 .01  9.95 
3.50 6.94 
3 .28  5.37 

7.93 
5.32 7.31 

7.59 
4.32 7.50 
4.41 9.20 
4.90 6.49 
6.09 8.06 
4.52 7.84 
6.39 8 .46  

6.88 
3.57 5.23 
4.74 5.49 
5 .31  9.63 
5.58 10.35 

4.40 7.20 
5.42 7.93 
5.77 7.63 
5.77 7.63 
5.77 7.63 
5.08 9.21 

6.44 7.47 
5.27 6.10 
6.46 

C 

35.19 
46.63 
55.73 
51.33 
36.39 
60.31 
67.98 
47.34 
38.81 

59.66 

54.91 
62.90 
64.17 
55.34 
56.84 
57.73 

39.98 
39.77 
68.81 
61.99 

55.83 
60.83 
61.87 
61.83 
61.84 
62.97 

67.16 
73.32 
64.59 

----< /o found---- 
H N 

2.62 8.57 
4.66 10.38 
4.79 12.89 
3.81 12.75 
3.33 8 .66  
5.06 8 .21  
5.26 9.79 
3.51 7.06 
3.56 5.43 

8 .31  
5.60 7.29 

7.64 
4.57 7.28 
4.82 8.92 
5.29 6 .31  
5.69 8.13 
4.64 7.81 
6.36 8.55 

6.58 
3.26 4.98 
5.10 5.38 
5.26 9.76 
5.64 10.15 

5.00 6.96 
5 .34  8.02 
5 .58  7.48 
5.81 7.76 
5.46 7.52 
5 .14  9.31 

6.32 7 .41  
5.25 6.02 
6.58 

a OdOzCHa. ' Anal. Calcd.: C1, 2137. Found: C1, 22.00. c Anal. Calcd.: C1, 13.09. E'ound: Cl, 12.01. 



IT', although it inight be noted that the activity of the 
bases from I1 and o-fluoroaniline. 4-fluoro-%methyl- 
anilinc, and p-fluorobenzylamine were csseiitially thc 
same as that from I1 and p-fluoroaniliiic. 

fcw of the compouiids iii Table I1 liavv iodo' 01 

nietliaxiesulfonatei8 groups in placc of the ehloro group 
of the mustard. ?;one of thew had anything to offer iir 

comparisoii with tlie chloro mustards. although tlie 
activity of the methanesulfoiiatr aiialog of 11 I ap- 
proached 111 in activity. 

It has been noted earlier that  additioii of Iiypoplios- 
phorous acid to the iniiiir liiikage of the Schiff bases 
caused a loss of activity."' That this iinine liiikage is 
~ioecssaiy for activity wad fiirthei- iiidicated by tlic 
reductioii of' the Schiff hase (II-? It = p-FC6114) nith 
sodiwn hrohydride. Thc  resulting aminc was hoth 
iiiactive aiid iioiitosic. 

7'Iic stability of the aromatic mustard TI a5 agaiii 
denioiistrated by the conversioii of J-111, ohtained from 
t l i c x  corresponding aldehyde 1)y reactioii with S,S-di-  
metliylhydraxine follo~r ed hy rnetliyl iodide, to  tlie 
q w i o  c~ompouiid I S  by ~varniiiig .i\-ith sodium nieth- 
oxide. rl'liis cyano compound n as iiiactive aiid 11011- 

toxic at  480 mg. kg. uliilr tlie iiiterniediate T'III ~ v a b  
alm iriactij r hiit toxic at 820 mg./ kg. 

N(CHr('H2CII: h'(CHzCH2CI) 2 

+m 
cx 

VI11 IX 

6 CH3 

CH=N-N(CH3)2 I -  

Experimentall!! 
Preparation of 4-[Bis(2-~hloroethyl)amino]benzaldehydes.- 

To 22 mi. of diriiethvlforrnamide in an ice bath was slow~ly added 
14 nil. of phosphorus oxychloride u i th  stirring. Then 0.047 
mole of the bis(2-hydroxyethyl)anilinei5~ I 6  in 2G40 ml. of di- 
methylforrnamide was added slowly nith stirring. The mixtrirtl 
\\:is then heated for 1 hr.  on :t steam hath and poured onto i te 
T h e  produrt was separated by fi1tr:ition or extraction with ether. 
Sohd aldehydes \\ere recrystallized from 9572 ethanol while ether 
extracts of oils were washed and dried to give the aldehldes listed 
in Table I. The 2,4-dinitrophen?.lhy(lra~ones u ere prepared h~ 
the usu:il iiietliod2u and recrystallized from !Kjf ethanol or rth- 

(18) R. ('. Elderfield, It. N. I'rasad, a r i d  T.-Ii. Liao, J .  O r g .  Cliem., 27. 
273 (1962). 

(19) -111 iiielting points are  corrected and were deteriiiineii in capillaries. 
.insly& by Spang Microanalytical Laboratory, .'inn Arbor ,  1Iich.. and Drs .  
IVeiIer and Strauss. Oxford, England. 

(200) R. I.. Slirinrr, R .  C .  Fuson, and I ) .  Y. C'urtin, "Tile Systeniatii. 
Identification of Organic Conipounti~," 4 t h  Ed.,  .Jolin Wiley m i l  Sons, Inc. ,  
K e n  York, N. T., 1 9 X ,  p. 219. 

;inol-etliyl acct:ttts. \\'lien 20.3 g. (0.07 m d e j  uf 1-1 in .X 1111. of 
dimethylfurinamide was :tdded to a mixture of 22 nil. of diiiiet*hyl- 
forni:tmitie anti 12.9 g. of phosphorus oxychloride :iiid trwtcd :IS 

described prc~~~iiiiisly, :t gum wis obiairitid whivtr tlitl riot givc :I 

2,4-di1iitroplie1iylliy~r~iz~~ne. Tritur:tt ion i i f  t h i e  guni wit I i  

z e d  frclni 93' c1th:iiioi 

U t ;  l i >  .i.O4. S ,  ,4.li7. 

4- iBis( 2-iodoethyl)amino] -0-tolua1dehyde.~~ -This coinpoiiricl. 
11 i .p .  I l:~--l22', \\-:IS prepired in Mf.; yield frcini 11 1)y t,lic iiiethoti 

l i d .  for ( ' IUHl , l~SO:  (:, ; !2  13, 3:1 I : s, : ; . I ( \ .  
>.'Lh: €f, : ; . :X; K,:;,w, 
ons with Malononitrile.-'rlie aldehydes ncrc 1 ro:ttcti 

w i th  tqriiniiilnr quantities i ) f  ni:ilononitrile in dioxane with :t trave 
of piperidiiic, :is previc~usly tlesc~rihetl,fi~.s :tnd talien were rerrys1:iI- 
lized froin i ~ h l o r ~ ~ f ~ i r i i i  giving the coiripounds listed in T:thle I I. 

Schiff Bases.---I':cliiiiiiiil:tr mixtures of the :ildeliydc ant1 : i i i i i i ic  

nerc, trrvitd in :1hs111ute eth:inol :is previciiisly descril)etl.i~"i 
T h e  prduc+s w c w  rec~ystnllizcd from et1i:innl tci givv t l i r .  

conipoiiiids listed in Tdile 11. 
Ni,Ni-Bis( 2-chloroethyl)-NU-( p-fluorophenyl)-toluene-a,4-di- 

amine Hydrochloride.---A rnixture of 5.2 g. of  IT (0.02 mole) and 
2.22 :p. iO.0'2 r i i i i l t . )  of p-fluoroaniline in 7.5 nil. of  :ihsolute eth:tniil 
\T:ls hc~:Itwl C ) l l  : I  stc'iilll 1 i For 30 inin. To this mixture  vas 
n d t l t t l ,  tliiririg > iiiin.. 0 g. i i f  sodium hiirohydride, and t h c 3  

riiistrire w:is r t4 i i i s td  for additiiiiid 45 riiiri.  After the ai l t l i -  
t ion of ;in iqi i : t l  volurue of water, t,lie Inixt ure was extrncted w i t h  

leric chli~ridr, ; t i i d  the ~nethylene chloride coiicentr:ited 
10 to givti i t  guiii whirti was dissolved in henzene :tnd treutetl 
niiytirons tiytlrogen chloride to give 6.G g. ( 8 4 7 )  of yellon 

s~ilid, ii1.11. 144 1'L(jo7 a.liic~h \vas hygroscopic. and  somewh:tt nn- 
st:ltilr. 

.liini. ~ ' : t l r d .  for CraEf2nCls l~SU:  (1, 53.18: 11, 5.W: S ,  
7.1,;: CI, 27.1.5. 

4- [Bis(2-chloroethyl)amino] -0-tohitrile.-.A mixture of 
l i j . 9  g. (0.OG.i niole) nf I1 and 3.1) g. iO.OG5 niole) of S,S-tli- 
iiieth~lli\-dr:tzirlc in 6.i r i l l .  of henzene w:is refluxed for 30 niin., 
u)iiventr:ited tr i  ~)iie-hnlf its origin:rl volunrc, and treated with ,5 
inl. of niethyl iodide. After standing for 5 hr., ~1 solid WLH c.i)l- 
lc~rted :ind w:isIied wit11 ether to give 23.7 g. (S2";) of solid, ni.p. 
16s- l ( j ! ) O .  Rrc.ry~tlrllizatit)n of :i s:rriiple frrirn 05'2, e thmol  di(l  
not rli:irigr t,tici riicalting lmint,. 

(', 40.36; 11: .i I>: S ,  ! ) . 4 1 i  

le) was added to  a mixturv (IF 
I .OX g .  (0.K2 i i i o l c~  o f  sodiuiri niethnside in 45 ml. of ahso111t~ 
c~th : inn l  ant1 w:irnietl o(nmionnl1y on the steam bath for i t  4-lir. 

d e t l  :rnd filtered t o  give 4.65 g .  
rif  solid, i r i . p .  123- '7" .  Ilec.r\.stallizatioti from 05"; 

.Lnu/. (':lli i l  for  ('121314C12S2: (:, >ti,05: H, 5.45: S ,  li).!N): 
, J ~ r ~ i i i i i ~ :  (0 55.82;  I f ,  5.W: S, IiJ.:!); 27 

' < ) [ I f  1-11, 11i.p. l!m 

4: S ,  4.77: CI, 23.S2, 

I'i)und: C, 54.56; H, 5.94; S, 7.41; C1, 26.67. 

. 'rlirs riiistiire  as 

ethanol g:ivi' n i : t t t~ i : t I ,  n i ,p .  136.5- 127'. 


