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TABLE I 
'I'EK'I'IAHY ~ ' I i O S P H I N E  AND AMINE: BORANES 

-~ Boron .__ B/P -PlloSPhorUP 
Uoranc ?\I.P.a I3.P. h1n-i. Yield nb I. ormula Calcd. Found Ratio Calcd. Founcr ______ 

Trietli3lplic~nphirie 47-48 _. __ 63 5 - C~IIISBP 8 . 2 0  8 . 2 4  1 .03  23.47 2 2 . 9  
1 ri-n-propyl- 

phosphine 22 5-23* 116-118 I 5 92 0 1 .4t?7225 C'OHLIRP 6.22 6 .36  1.02 17.80 1 7 . 8  
Tri-n-hiityiphospliiric - 115-117 0 . 8  i 9 . 0  l .46!l123 C:,H&P 5.00 5.03 1 .03  14.33 14.2 
Phenyldimet hy1- 

m- and p-El hj.1- 

r 7 .  

phosphine - 81-57 0 . 5  86.6 1.5504" CallinBI' 7.12 7.07 0 .99  20.38 20.3 

phenyldimethyl- 

2,5-Diniethylphenyl- 
phosphine' - 89-92 0 . 3  100 1.5388'' C:~IIisBP 6 . 0 1  5.81 0.966 17.21 17.22  

di-n-butyl- 
phosphine __ 110-141 0 3  83 .3  l.628i20.5 CItiKnBP 4 .10  4 . 0 8  0.99 11.72 11 .7  

Triphcnylphosphine 182---184 -- - 84.1 - (',*Hj&l' : ( .W 3.67 0.94 11 .23  11.22 

Carbon Hydrogen 
Triethylenedi- 

Triethylenedi- 
aminedle (mono) 164-165 - - 80 __  CGHISBN~ 57.18 57.30 12.00 11 .42  

amine','( his) 390 der. __ - 100 - C6H,,B?N2 51.52 51.63 12 97 12.82 

a ,411 melting antl hciling points are uncorrected. * Impiirr tri-n-propylphosphine borane rcported ti) mrlt at ahout 10" 
Firqt prepareti in our lahorntory by F. F. Caserio, Jr . ,  and R. I. Kagner, rinpublishrtl rcbiilts. e Rr- (ref. %). Pee Rcf. 15. 

cr \  st:tllized from benzene. 1n.iolul)le in henzene. 

exchange. Although triethylamine can be distilled 
from a mixture of pyridine and triethylamine 
borane, attempted distillation of the liquid residue 
a t  reduced pressures ha< ~ ~ w i l t c d  in sometimes 
violent decompositions. 

The necessary tertiary phosphine intermediates 
were prepared via the standard Friedel-Crafts andl  
or Grignard procediires.12-15 

The phosphine borancq were found to be genrrally 
colorless. mobile liquid. \;-hich were relatively 
stable to both mater and air. In contrast to t h t  
amine boranesJ5 the phosphine boranes and the 
triethvlenediarnine borarirs reacted very sluggishly 
with 2y0 alcoholic silver nitrnttl solution. All of the 
phosphine horancs gave ctronq infrared absorption 
near 4.2 p with a wcnkcr band at 4.3.5 p.  

EXPERIMENTAL 

Phosphina bornnsa. In a t,ypica! experiment, 23 g. (0.2 mole) 
of trit~ttiylamina borane was mixed under argon with 40.4 
g. 10.2 mole) of tri-n-but!-lphosphine and the mixtiire dis- 
tilled l lowly t,hrouph a TIigrpi~s rolunin to remove tri- 
t~th~-laminr,  b.p. 88-90" n y  1.3090. LVlien approximat,ely 

two-thirds of the amine had heen distilled, thP niixture n'as 
attached to awater aspirator to remove the rrnxiining ami nc. 
Distillation of the liquid residue yielded 3 . 1  g. of t r i -n -  
h~it~ylphosphine borane (0.158 mole, 70%;;:) a ~ :  a c I ( w  liquid, 
b.p. 115-117" a t  0.8 mm. 

The analytical data for this and the other boranes arr  
listed in Table I .  

Phosphines. Thc nwessary tprtinry phosphincs wcrr 
prepared via standnrd Friedel-Crafts antl /or Grignard 
tcchniq~ies.l~-~5 

Sterner for the chemical a n a l y w .  
Acknowledgment. We are indehtcd to 311.. Tinrl 

LYHITTIER RESEARCH I,ABOR.ATORY 
AMERICAN POTASH & CHEMIC~I,  CORT'. 
WHITTIER, CALIF. 

Complexes of Diols with Cuprainmonium 
Reagent 

Experimental w r l i  was prerioiisly reportctl 
in  which thc mcthod of continuous variation i w s  
applied to the rcactioii betwvPrii c.iiprammonium 
and diol-cnntaiiiing compounds. l'rnm this work, i t  
was coricludctf that thc ciipr.nrnn.ioniiim-dic~l roni- 
plcs has a cqper-diol ratio of 2 : 1 .  Tlio lack of 
symmetry i n  the ci i rx~s o!,tninrtl f o r  c w l : i i i i  

cw-hohydrntcs \vas nssumcd t o  1;r canscd l y  hy- 
droxyl groups not asocintcd with thc diol F t ~ l ' l l C t l l J ' r  

Fnrmatiou of a 2 : 1 copper-diol complcx srcmrd 
c.onclusivc from csperiinciits with cis- ar id  t r m z s -  

I 1  ) F J. LTcDonald, J .  Orq. Chcna., 25,  11 1 I lO( i0)  



1 ,“-cyclolicsniicdiols. In the latter instance, a 
roilstant tot a1 molar concentration of copper plus 
hydroxyl groups rather than of copper plus diol 
groups was maintained. The maximum optical 
density, therefore, did not reflect the composition of 
the copper-diol complex.  Repetition of this work, 
using react ion mixtures containing various copper- 
diol proportions, gave results that arc in keeping 
with the formation of a cuprammonium-diol 
complex in which the copper-diol ratio is 1 : 1. This 
is in agreement with the findings of Reeves.2 

(2 )  11. E. Rcevcs and P. Bragg, J. Org. Chem., in 
press.  
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A previous paper2 described the preparation of the 
monofunctional alkylating agents (I and 11) derived 
from 3-(p-aminophenyl)propionic acid. The “one- 
armed” mustard (11) mas an especially interesting 
compound for comparison with the difunctional 
alkylating agent (VI, n = 2 )  as a test of the hypoth- 
esis that a monofunctional alkylating group might 
be as effective as a difunctional agent in effecting 
irreversible enzyme i n h i b i t i ~ n . ~  In  order to study 
the effect of the N-alkyl group, two other “one- 
armed” mustards (I11 and IV) have been prepared, 
as well as an N-ethyl “one-armed” homolog (Vj 
which can be directly compared with chlorambucil4 
(VI, n = 3). 

Methyl 3-(p-aminophenyl)propionate* (VII) was 
used as the starting material for the preparation 
of both 111 and IV. The reaction of benzaldehyde 
with VI12 gave a 92y0 yield of the crystalline ani1 
(VIII), which was hydrogenated over Raney nickel 
to afford the benzylamine (IX) as a low-melting 

(1) This work was rarried out under the auspices of the 
Cancer Chemotherapy National Service Center of the 
Xational Cancer Institute, National Institutes of Health, 
Public Health Srrvice, Contract No. SA-43-ph-1892. T h p  
cpinions expressed in this paper are those of the authors 
and not necessarily those of the Cancer Chemotherapy 
Xational Service Center. For the preceding paper of this 
series, see E. J. Re&, R. R. Spencer, M. E. Wain, I. G, 
Junga, L. Goodman, and B. R. Baker, J .  Org. Chem., 26, 
2821 (1961). 

(2) W. A. Skinnrr, H. F. Gram, and B. R. Baker, J .  Org. 
Chem., 25, 777 (1960). 

(3) H. F. Gram, C. W. Mosher, and I3 R. Baker, J. A m .  
Chem. SOC., 81, 3103 (1959). 
(4) J. L. Everett J .  J. Roberts, and W. C. J. Ross, J .  

Chem. Soc., 2386 (1953). 

CH2CHzCOOH 

I. R = H  
11. R=CzHs 

111. R CeHSCH, 
I\‘. R =  (CH3)ZCH 

CHzCHzCH&OOH 
I 

(CHz) n COOH 
I 

solid in 89% yield. Hydrogenation a t  low pressure 
(20 p.s.i.) was essential; a t  50 p.s.i. hydrogenolysis 
occurred, regenerating the primary amine (VII). 
The absence of VI1 in the low-pressure product 
could be demonstrated by paper chromatography. 
Treatment of IX with ethylene oxide in aqueous 
acetic acid gave a good yield of the chromatogra- 
phically homogeneous sirup (X) which, without 
purification, was allowed to react with phosphoryl 
chloride a t  reflux. The crystalline acid (111) was 
formed in 82% yield, hydrolysis of the ester group 
occurring during the decomposition of the chlorina- 
tion reaction mixture with water. 

CH2CHZCOOCH3 CHzCHZCOOCH3 CH2CHaCOOCH3 

I I 

NHa N=CHCsHS NHCH2CSH5 
VI1 VI11 I X  

1 i 
CHZCH~COOCH~ CHzCHzCOOCHs CHzCHgCOOCH3 
I I I Q 

NHCH(CH3)z N--CH(CH,i)z iXCH2CtjHs 
I 

CHzCHzOH CHzCHPOH 

X I  XI1 X 

i 1 
IV I11 

The conversion of VI1 to the K-isopropyl ester 
(XI) n-as accomplished by treatment with 2- 
hromopropane in the presence of potassium car- 
bonate until paper chromatography of the product 
showed the absence of 1‘11. Analysis of the crude 
product suggested that it was contaminated witL 
some dinlkylated product although this inferenet 
was not obvious from the paper chromatograph~c 
data. ‘rhe crude product, which contained XI, WBF 

treated with ethylene oxide in aqueous acetic acid 
and the hydroxyethylation product was subjected 


