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chilled, m.p. 42-45' (recorded" m.p. 45-46'), yield 69.5%. 
The 1,3,5-trinitrobenzene derivative melted a t  100.5-101.5" 
(recorded m.p. 101.2-102.5°'0). The carbon monoxide test 
was again positive. 

Pyrolysis of the p-Tolyl Addition Compound.-From this 
ketone (0.5 g., 0.001 mole), heated a t  235-245" for 4.5 hr., 
was obtained an oil. When chromatographed on 50 g. of 
alumina, it gave triphenylmethane (goyo yield) and 2-p- 
tolylnaphthalene, m.p. 96-97' (85% yield). The infrared 
spectrum of this compound has peaks which can be assigned 
to aliphatic hydrogen (2910 cm.-l) and $-substituted 
phenyl (810 cm.-'); three bands (850, 890, 945 cm.-l) .of 
medium to strong intensity are also present. Likewise 
these three bands are found in the spectra of 2-phenyl- and 
2-o-tolylnaphthalene. The test for carbon monoxide was 
found to be positive for this reaction also. The tolylnaph- 
thalene was analyzed. 

Anal. Calcd. for C17Hlr: C, 93.53; H, 6.47. Found: 
C, 93.83; H, 6.27. 

Synthesis of 2-p-Toly1naphthalene.-The procedure em- 
ployed here is similar to  that used by Friedel, Orchin and 
Reggel in the preparation of 2-0-tolylnaphthalene.~v The 
lithium reagent from Pbromonaphthalene was prepared by 
heating a mixture of 1.90 g. (0.27 g. atom) of freshly-cut 
lithium pieces and 20.0 g. (0.096 mole) of 2-bromonaph- 
thalene in a solvent system consisting of 95 ml. of anhydrous 
ether and 25 ml. of sodium-dried benzene. After the mix- 
ture had been boiled for 2 hr., much of the lithium had dis- 
appeared. To this red-colored mixture was added a solu- 
tion of 11.9 g. (0.106 mole) of freshly distilled p-methyl- 
cyclohexanone in 45 ml. of anhydrous ether. The mixture 
became orange in color within a few minutes. After being 
heated under reflux for 6.5 hr., it was decomposed by cau- 
tious addition of 100 ml. of ice-water. The organic layer 
was concentrated to an oil, the spectrum of which possessed 
an intense, broad band a t  3500 cm.-'. Twenty grams of 
freshly fused, powdered potassium bisulfate was added to 
the crude oil, and the mixture was heated a t  160-170' for 
2.5 hr. The flask was cooled, and its contents were ex- 
tracted with benzene. Removal of the organic solvent 
left an oil which was partially fractionated. All fractions 
boiling a t  or below 110' a t  5 mm. pressure were discarded. 
To the crude, residual, fluorescent material was added 1.2 
g. of 10% palladium-on-charcoal, and this mixture was 

(19) R. A.  Friedel, M .  Orchin and L. Reggel, THIS JOURNAL, 70, 
199 (1948). 

heated for 2.5 hr. a t  310-325". After the flask had cooled, 
its contents were leached with benzene. Removal of the 
organic solvent left an oil which deposited impure crystals 
of 2,2-binaphthyl. This hydrocarbon was purified and 
identified by a mixture melting point determination with an 
authentic sample. The remaining oil was chromatographed 
on 320 g. of alumina. A white, crystalline compound melt- 
ing at  9596.5' was isolated, yield 4.52 g. (20% yield, based 
on the 2-bromonaphthalene converted). A mixture melt- 
ing point determination and an infrared analysis showed 
the synthetic compound to be identical to the 2-+tolyl- 
naphthalene obtained from the pyrolysis. 

Hydrogenation of the Phenylated Compound -The hy- 
drogenation was accomplished in a ' microhydrogenation 
apparatus by use of sodium4ried, thiophene-free benzene. 
The benzene was necessary since the ketone was very spar- 
ingly soluble in the solvents normally employed for such 
reductions. When 0.026 g. of platinum oxide had been 
reduced, a solution of 0.30 g. (0.oOOe mole) of the ketone 
in 18 ml. of dry, thiophene-free benzene was added. The 
hydrogenation was completed withim 1 hr. Removal of 
the catalyst and evaporation of the benzene left an oil which. 
when triturated with alcohol, became a solid. Recrystalli- 
zation from acetic acid gave white crystals melting at 163- 
164.5", identified tentatively as 1-(1,2,3,4-tetrahydr0-2- 
phenyl)-naphthyl trityl ketone. The yield was practically 
quantitative. The infrared spectrum of this compound has 
peaks for aromatic hydrogen (3050, 3080 cm.-I), aliphatic 
hydrogen (2925 cm.-l), a non-conjugated ketone group 
(1704 cm.-l), monosubstituted phenyl (700 cm.-l) and o- 
substituted phenyl (745 cm.-I). The only bands in the 
range 700-900 cm.-' are tho?: assigned to  mono- and o- 
substituted phenyl. In mixture melting point determina- 
tions the compound depressed the melting points of both 
the starting material and 1-naphthyl trityl ketone. 

Anal. Calcd. for CsaHaoO: C, 90.34; H, 6.32. Found: 
C, 90.16; H, 6.18. 

When a mixture of 0.030 g. of platinum oxide, 0.20 g. 
(0.0005 mole) of 1-naphthyl trityl ketone and 30 ml. of so- 
diumdried thiophene-free benzene was subjected to hydro- 
genation under the conditions employed with the phenylated 
compound, the ketone was recovered nearly quantitatively. 
An attempted high-pressure hydrogenation (1000 Ib. per 
sq. in.) of 1-naphthyl trityl ketone also failed, starting mate- 
rial again being recovered unchanged. 
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The preparation of six dialkyl N-alkylphosphoramidates is described. The pyrolysis a t  350-400' of these phosphorami- 
dates gave mixtures of olefin and tertiary amine. 

The pyrolysis of N-alkylacetamides to ole- 
fins1.4 appears to require temperatures 100' or more 
above those required for the pyrolysis of the cor- 
responding alkyl acetates, whereas the pyrolysis 
of alkyl phosphatess requires temperatures of 
50-100° less than those for the acetates. Since the 
foregoing reactions are not necessarily related 
mechanistically, i t  may not be valid to predict that  
the pyrolysis of dimethyl N-alkylphosphoramidates 
to olefins should require lower pyrolysis tempera- 
tures than the N-alkylacetamides. Nevertheless, 

( 1 )  Paper 111, THIS JOURNAL, 80, 1588 (1958). 
(2)  l h i s  work was supported in part b y  grant G-3689 of the Na- 

(3) Minnesota Mining and Manufacturing Co. Fellow, 1935-1956. 
(4)  W.  J .  Bailey and C. N. Bird, J. Org. Ckem. ,  23, 99G (1058). 
( 5 )  H. E. Baumgarten and R.  A.  Setterquist, i b i d . ,  7 8 ,  2605 (1957). 

tional Science Foundation. 

the work described in this communication was 
undertaken to test such a prediction. 

While this work was in progress two other studies 
of the pyrolysis of phosphoramidates were de- 
scribed. Thus, Gerrard and Jeacocke6 reported 
that heating dialkyl N-arylphosphoramidates to 
240-250' gave about 95y0 yields of N-alkylanilines. 
According to their results the phosphoramidates 
of primary aromatic amines gave almost exclusively 
the secondary alkylarylamine. The latter results 
have been challenged recently by Cadogan,? who 
obtained largely the tertiary dialkylarylamine in 
similar pyrolyses. Codogan reported also that 

(6) W Gerrard and G J Jeocncke Chcmrs try  & I n d u s t r y ,  1538 

( 7 )  J 1 G Cadog-nn J ChPm S o r ,  1079 ( l Y 6 7 )  
(1964) 
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TABLE I 
DIALKYL N-ALKYLPHOSPHORAMIDATRS 

Yield, --B.p.,- - 
Phosphoramidate Method' 70 "C. M m .  nso Compo5itiun 

Dimethyl hT-(iz-hexyl) A 63 119 0 . 5  1.4337 CsH2oN03P 
Dimethyl N-cyclohexyl A 93 65.5-66.2* CsHieN03P 

R 69 
Dimethyl N-( n-octyl) A 51 127 1.0 1.4283 CioH24N03P 
Dimethyl N-(2-ethylhexyl) .4 09 142.5 1 . 5  1.4403 CioHzrNOaP 
Dimethyl N-pentamethylene' A 01 88 1 . 0  1.4517 CiHi6N03P 
Diethyl N-cyclohexyl-N-methyl C 49 110 1 . 0  1.4511 CIiH2ISO3P 
5 See Experimental part. * Melting point. N-(Dimethoxyphosphiny1)-piperidine. 

Sitrogen, 7 ;  
Culcd. Found 

6.69 6 . 4 5  
6.70 6.60 

5.89 5.93 
5.89 6.13 
7.25 7.19 
5.62 ,574 

diethyl N,N-diethylphosphoramidate was much 
more stable than the aryl derivatives, the only iso- 
lable pyrolysis products obtained after eighteen 
hours a t  the boiling point being triethylamine (and 
its salts). Ethyl N-cyclohexyl-P-ethylphosphon- 
amidate gave both mono- and diethylcyclohexyl- 
amine, but in low yield. Neither of these reports 
mention olefin forniation during the relatively 
low-temperature, liquid-phase pyrolyses. 

The dimethyl N-alkylphosphoramidates used in 
the present work were prepared by a variation of a 
procedure described by Todd and Athertons in 
which an amine was treated with dimethyl phos- 
phite in carbon tetrachloride solution. This pro- 

0 

\NRz 
(CH30)?P7 + CHC13 + RgNHC1 

cedure had the disadvantage that two moles of the 
amine were required per mole of amide prepared. 
In  order to decrease the consumption of primary or 
secondary amine in the reaction, several experi- 
ments were made in which one equivalent each of 
primary or secondary amine, dimethyl phosphite 
and a tertiary amine were used. Triethylamine 
was the most effective base followed by dimethyl- 
aniline and pyridine. Thus, using these amines in 
the preparation of dimethyl X-cyclohexylphosphor- 
amidate, yields of G9, 40 and 39% were obtained. 
Diethyl N-cyclohexyl-N-methylphosphoramidate 
was prepared by the reaction of the commercially 
available diethyl phosphorocliloridate with N- 
methylcyclohexylamine in the presence of dimethyl- 
aniline. The phosphorainidates prepared are de- 
scribed in Table I, and characteristic infrared peaks 
are given in Table 11. 

The phosphoramidates were pyrolyzed by drop- 
ping them through a 1-in. Pyrex or Vycor glass tube 
packed with l/16-in. glass helices and heated to  
various temperatures by a tube furnace. The 
results of several typical pyrolyses are given in 
Table 111. Although the pyrolyses were relatively 
clean with respect to carbonization, considerable 
fouling of the tube was caused by the phosphorus- 
containing by-products. 

The results of Table I11 indicate that  dimethyl 
N-alkylphosphoramidates pyrolyze readily a t  tem- 
peratures of 3Xk400° to give mixtures of olefin 
and tertiary amine. X o  evidence for the presence 
of secondary amine in any quantity could be ob- 
(8) A R Todd and 1: 11 Athrrtrjn CI r~ iu i \ f i i  iS I i i r l l r c l i i  firm 

(1945) 

TABLE I1 
INFRARED SPECTRA' 

7- Frequency,b cm,-l- 7 

P - + O  P-0-Me P-0-C X-H 
Phosphoramidate stretch stretch stretch stretch 

Dimethyl N-(8-hexyl) 1240(s) 1187(w) 1040(s) 3180(m) 
Dimethyl N-cyclohexyld 1230(s) 1187(w) 1038(s) 3420(w) 

1247(s) 3220(m) 
Dimethyl N-(n-octyl) 1240(s) 1188(w) 10FO(s) 
Dimethyl N-(2-ethylhexyl) 124S(s) 1188(w) 1038(s) 324O(m) 
Dimethyl N-pentamethylene 1 2 X ( a )  1188(w) 1030(s) 
Diethyl N-cyclohexyl-N- 

methyl 1 2 X ( s )  1170(m)' 1051(s) 

(I Determined for the neat liquid using a model 21, Perkin- 
Elmer spectrophotometer having sodium chloride optics. * L. J,., Bellamy ("The Infrared Spectra of Coniples Mole- 
cules, Methuen and Co., Loudon, 1954, Chap. 18) quotes 
for the P ---t 0 stretching vibration, 1250-1300 cm.-l, for the 
P-O-CHa stretching vibration, 1190 + 3 cm.-I and for the 
P-0-C (aliphatic) stretching vibration, 1000 to 1050 cm.-1 
and for the P-&Et stretching vibration, 1156-1163 cni.-' 

Determined using carbon 
tetrachloride solution (5 mg./ml.). 

tained, either by gas chromatography or infrared 
spectros~opy.~ In general, the combined yields 
of amine and olefin were fairly good. Sonie of the 
phosphoramidate was recovered also, but in the 
present work no effort was made to correct the 
yields for the recovered starting materials. 

P-&Et stretching vibration. 

(CH3O):P Po + 
\NHCIT2CI12R 

RCH=CH, + RCH~CHZX(CH~)Z 

The pyrolyses of dimethyl N-cyclohexylphos- 
phoramidate and diethyl N-cyclohexyl-N-methyl- 
phosphoraiiiidate were exceptional in that no ter- 
tiary amine could be isolated and yields of olefin 
were about 15% higher than those from the other 
phosphoramidates.1° Also interesting were the 
results of the pyrolysis of N-(dimethoxyphosphiny1)- 
piperidine which gave in addition to the tertiary 
amine, N-methylpiperidine, a mixture of the di- 
olefins, 1,4-pentadiene and 1,3-pentadiene. 

The identity of the olefins was determined by 
their infrared spectra and, in some experiments, 
by gas chromatography. In  every example in 
which rearrangement might be reasonably ex- 
pected, the product was contaminated with rear- 
ranged olefin. The extent of rearrangement varied 
considerably as compared with that observed in the 

('2) None of the  amine fractions showed absorption in the h7-H 
stretching region (lithium tluoride prism); however, the gaschromatog- 
raphy curves showed very weak peaks a t  approximately the correct 
retention volumes for the secondary amines. I t  was estimated tha t  
t h e  amount of secondary amine present, i f  any ,  was less that. 5$&. 

(10) T h e  gas Chromatography curves indicated the  presence of traces 
of higher-boiling components in the  olefin fraction: however, the 
amoillit of such material was very small. 
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TABLE I1  I 
P Y R O L Y S I S  OF DIAI.KYL ~ - ~ l , K ~ ' L P r i O s P H O R A h l I D A ? . a S  

7- Olefin - 
R a t e  of l'enip., Y iFld, I1.p. range, 

Phosphoramidate addn.. fi /min." o c ,  /o OC. 

I)imcthyl N-(n-hexyl) 0.26 360 46 52-Gi 
.26 400 40 6 5 4 5  
.28 400 31 63-67 

Dimethyl h'-cyclohexyl .17 840 40 80-84 
.13 350 GI) 80-S5 
. on 3G0 55 80-85 
. l o  400 *5*3 79-83 
.24 460 65 79-82 

Diiiiethyl N-( n-octyl) .10 400 31 120-130 
Dirnetliyl N-(2-etliylhexyl) .22 305 20 120-125 

.18 350 35 100-140 

.13 3G0 40 100-130 

.23 410 62 110-130 
Dimethyl N-pcntametliylciic .15 350 21 2,530 

32 30-45 

18 40-4 6 

8 40-44 
Diethyl N-cyclohexyl-K-mcthyl . 1 G  400 67 75-82 

.20 400 20 2 -5 

.31 400 33 25 

-&Amine-- 
Yield, I3.p range. 
'h O C .  

40 120-146b-c 
28 120-145 
22 140-151 
0 
0 
0 
0 
0 

33 1 80- 1 0Od 

27 166-1 70"J 
37 160-170 
19 150-164 
27 1 5 5  170 

18 lor, 

0 
Average size of run = 10-20 g. * On roedistillation, b p. 145-147" (lit.12 b.p. 146"). A n d .  Calcd. for C ~ F I I Q ~ :  N, 

10.85. Found: N, 10.90. Lit.13 11.p. 191 . On redistillation, h.p. 76" (12 ".), ~ 9 6 ~  1.4219. / A n d .  Calcd. for cia- 
HBN: N, 8.90. 0 On redistillation, b p.  105-107° (lit.13 b p. 107'). Igydrocliloride, m p. 184" (lit. '3 
m.p. 185"). 

Found: N, 9.17. 

pyrolysis of the corresponding alkyl phosphates.5 
In Tablc IV are given some estimates of the extent 
of isomerization of olefinic product during tlic py- 
rolysis of both phosphates and phosphoramidatcs. 

TABLE I V  

ISOhfERIZATION DURING PYROLYSIS OF (cH30):P yo 
'R 

I'yrt,lysis I7rartion 
R teinp.," ' C .  isomerizerlb 

O( CH2)bCIIs 370 O.GIC 
N I (  CH,)oCHa 370 .CY 

O(CHzhCITz 3 70 .67 
NIH( CIT*),CH3 400 .25 
OCH,,CH(CH~CHa)(CH2)aCH~ 3 no .01 
N€€CH*CFI(CIIsCH3)(CTIp)3CH3 410 .91 

XH( CI-I,)hCIlo 420 ,5.Y 

" Rate = cn. 0.25 g./riiin. Calculated froni gas cliroina- 
tograriis run on AgNOz-glycol coluinns using tlie CorlTldn, 
fraction = (total area - area due to terniinal olcfiii)/tot:tl 
area. Principal isoinerization product was 2-liesene. 
Some 3-licscne w:is :ilso forincd :is wvcll as a t  least two lies- 
enes with rcarr:ingcd carlmi skcletons. 

Because of thc assumptions niadc in thc analysis of 
the crude olefins, these estimates can be regarded 
only as lower limits. l 1  Nevertlicless, i t  appears 
that the N-(%-hexyl)- and N-(11-octy1)-phosphor- 
amidatcs gave less of the rearranged olefin than the 
corrcsponding phosphates, hut N-(24iylhexyl)-  

(11) Pour  resrlliition of some of the olefinic compnnents on the xas 
clirotnatoqnphy columns a t  hand preveiited a complete quantitative 
nnalysis of the mixtures. However, the use of a silver nitrate- 
glycol column peimitted n clean resolution of the terminal (unrear- 
ranged) olefin frurn tlie other components. The possibility remains 
tha t  the rewliitiun \vas only apparent, not real, and that  the extent of 
isomerization may be somewhat greater than ind'cated in the table. 
However, analysis by infrared techniques for the principal components 
of the  hexene and octene mixtures gave results not greatly different 
from Lliose in Table IV.  

phosphoramidate gave essentially the same inixttlre 
of olefins as that obtained from the phosphate. 

Although Cadogan3 lins made some gencrnl SL~Z-  
gestions as to the mechanism of the alkylation re- 
action, no detailed mechanism has been proposed. 
One attractive schcme involves a concerted, bly 
iiiolecular reaction proceeding through the  y u l s l  
six-membered, cyclic transition state 11 and leading 
to the formation of the pyrophosphoric acid deriva- 
tive I11 and the secondary amine IV. This mecha- 
nism would account for the alkylation of the  
relatively non-basic amide nitrogen atom. The 
further alkylation of I V  to form the tertiary amine 
car1 be accounted for by any of scvcral mcchanistic 
routcs. Thus, I11 and I\' niny react to form tlie 
intermediates V and VI  or VI1 and VII I .  Throuzh 
cyclic transition states similar to 11 citlicr V or VI1 I 
could yield thc tcrtinry amine, whcrens either VI  or  
\'I11 could lor111 more of the sccondary aniinc ]Ir. 
Altcrnativcly, by a reaction aiialogous to tlie :i1- 

kylntion of airlines by alkyl pliosl)hntcs, I V  coilltl 
be a1kyl:itctl by an!- of thct various specks Iitxscii t 
having the structural iiiiit >I'(O)0CII3. 

A cyclic tr:itisitioii state I X  c:tii be written fur tlie 
olefiii-forming rc:iction, wliicli rcvxiildcs tint cr)iii- 
monly proposed for p\milysis of :tcet:itcs :uid acet- 
amides. Because of tlic Iircseiicc o f  a strong :icid 
in the pyrolysate (1-1, \-II ,  ctc.), howevcr, :I rc- 
action proceediiig ?liu, ionic iiiLeriiicdi:itcs c:iiiiiot 
be discountcd. lbrtlicrniorc, if tlic first nicc11:~- 
nism cited nhovc is c~sscntially correct, frc,e second- 
ary amine (or its salts) will Iic prcscnt (luring t1ic 
pyrolysis, so that tlic olcfin-forining rc:iction m t y  
not involve the ~rliosplioraiiiidlte but rather the 
amine phosphntc (or a rc1:itetl salt) a n d  tlicl-cl~y 

(12) J. v. Draiin and  E. Anton, B o . ,  64B, 2SO5 ( I ! l31) .  
(13) I f .  T. CI:irke. J .  f I :?m.  S O C . .  103, lT,S!I (1013). 
( I  II J. 11. I l i l l tnan, I?. W. Lliintly oncl .A Rntlikr, '1'111s ] C , ~ J I C % A I . ,  

64,  3077 (lgi!?). 
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resemble the amine phosphate degradation of 
H a r r i e ~ , ~ ~ , ~ ~  the mechanism of which has not been 
determined. The presence of strong acid in the 
pyrolysate may be responsible also for the rear- 
rangement of the double bond in the olefin fraction 
of the pyrolysate. 

I CHa 
HN: ' 0  

R 

CH,O/ I 
0 1  
R 0 0  

0 0 
t OCHa t NHR 

HOP( CH,OP< 

I 
NHR N-R 

VI VI11 kHa 

From the mechanisms proposed one might infer 
that the alkylation reaction (and, hence, the iso- 
merization reaction) could be eliminated or 
minimized by carrying out the pyrolysis using high 
dilution techniques. However, the minimum re- 
quirements for steps 1-11 are one molecule of 
amide and one molecule containing the >P(O)- 
OCHs unit. The phosphorus-containing by-prod- 
ucts of the pyrolyses were thick, viscous oils 
(even a t  450') that were held rather strongly on the 
glass packing, so that, even using dilution tech- 
niques, the incoming amide passed over a growing 
bed of alkylating and isomerizing agent. In 
several esperinients with n-pentane as a diluent 
little change in the amineolefin ratio or in the 
extent of isomerization was observed. 

The temperatures required for pyrolysis of the 
dimethyl N-alkylphosphoramidates are below those 
required for the pyrolysis of the corresponding 
acetates. If i t  were not for the concurrent forma- 
tion of tertiary amine and the rearrangement of the 
olefinic bond, the present pyrolysis would be a 
useful degradative or synthetic process. The elimi- 
nation of these unfavorable characteristics is 
under study. 

Experimental 
Dimethyl N-Alkylphosphoramidates. (a)  Method A.- 

This method can be illustrated by two examples. The prin- 
cipal dserences among individual examples were the varia- 
tions necessary to remove thc amine hydrochloride from the 
reaction mixtures. 

(15) C. Harries, E N . ,  34, 3M) (1901); 86, 2997 (1903); 88, IS32 
(1905). 

(16) H. L. Lochte and E. R. Littmann, "The Petroleum Acids and 
Bases," Chemical Publishing Co., Inc., New York. N. Y., 1955, p. 177. 

(17) Melting points are corrected; boiling points are uncorrected. 
Analyses by the authors or Clarke Microanalytical Laboratory, 
Urbana, Ill. We are indebted to  Dr. H. A. Pagel for advice and as- 
sistance in connection with these analyses. 

I t  should be noted that the specific experimental pro- 
cedures described here are not necessarily satisfactory for use 
with the higher amines for which dzerent reaction times 
and procedures for work-up seem to be indicated. Even 
with n-octylamine occasional failures were encountered and 
limited attempts to prepare the ndecyl and n-dodecyl de- 
rivative were unsuccessful. 

To a solution of 11 g. (0.20 mole) of dimethyl phosphite 
in 150 ml. of dry carbon tetrachloride cooled to €O', 50 g. 
(0.50 mole) of cyclohexylamine was added dropwise with 
stirring under reflux. A reaction took placc immediately and 
a precipitate of cyclohexylamine hydrochloride formed. 
After the addition was complete, the reactitin mcxture was 
heated to reflux and then allowed to stand for four hours. 
The cyclohexylamine hydrochloride was removed by filtra- 
tion and the filtrate was washed twice with 50-ml. portions 
of 10% sulfuric acid and twice with 50-ml. portions of 10% 
sodium bicarbonate solution. The filtrate was treated with 
decolorizing charcoal, dried over magnesium sulfate and 
iiltered. Eiaporation of the carbon tetrachloride under re- 
duced pressure on the steam-bath gave a pale tan liquid 
which solidified on standing to  a tan, crystalline solid, 38 g. 
(93%), m.p. 63.546'. After recrystallization from ether- 
petroleum ether or from cyclohexane, the resulting white 
needles of dimethyl Ncyclohexylphosphoramidate melted a t  
65.5-66.2'. 

To a cooled solution of 33 g. (0.30 mole) of dimethyl phos- 
phite in 200 ml. of dry carbon tetrachloride was added drop- 
wise 80 g. (0.62 mole) of 2-ethylhexylamine. Although the 
reaction took place immediately no Precipitate of %ethyl- 
hexylamine hydrochloride formed. The reaction mixture 
was heated under gentle r d u x  for 0.5 hr. and allowed to 
stand overnight. The reaction mixture was washed with 
two 1Wml. portions of 10% hydrochloric acid (or sulfuric. 
acid) and then with 200 ml. of hot water. The organic 
layer was dried as above and the carbon tetrachloride was 
evaporated under reduced pressure on the steam-bath. The 
yield of crude amide was 65 g. (91%). Distillation of the 
crude product through a 24-in. Podbielniak column'* gave 49 
g. (69%) of dimethyl N-(2-ethylhexyl)-phosphoramidate, 
b.p. 143O (1.5 mm.), n% 1.4403. 

In some experiments the amine hydrochloride was in- 
duced to precipitate by the addition of two volumes (rcla- 
tive to carbon tetrachloride) of dimethyl ether. In othcrs 
(e.g., the preparation of dimethyl N-(n-octyl)-phosphor- 
aniidatr) the amine hydrochloride was most efficiently re- 
moved by washing with large quantities of hot water. 
(b) Method B .-Dimethyl Ncyclohexylphosphoramidate 

WLLS prepared as described in (a) except that only 9.9 g. (0.10 
mole) of cyclohexylamine was used and 10 g. (0.10 mole) of 
triethylamine was added to the carbon tetrachloride solu- 
tion before addition of the dimethyl phosphite. The tri- 
ethylamine hydrochloride precipitated cleanly and was re- 
moved by filtration. The resulting reaction mixture was 
worked up as described in (a). 

(c )  Method C.-To a solution of 24 g. (0.20 mole) of di- 
methylaniline and 23 g. (0.20 mole) of N-nicthylcyclohcxyl- 
aniinc in 200 1111. of dry ether was added dropwise with stir- 
ring 35 g. (0.20 inole) of diethyl phosphorochloridate a t  such 
a rate as to maintain gentle reflux. The white solid that 
formed wits renioved by filtration and the filtrate was washed 
with 200 ml. of 5% hydrocliloric acid and 200 nil. of water, 
dried and distilled under reduced pressure, giving 24 g.  (49YG) 
of diethyl Ncyclohexyl-N-metliylphosplioramidate, b.p .  
110' (1.0 mm.), n% 1.4511. 

F'yro1ysis.-The pyrolysis procedure and apparatus were 
essentially the Same as those described prc~iously.~.6 I11 
view of the viscous nature of the by-products (nrrdc siipra) 
sample size was limited to 20 g. to avoid complete plugging 
of the pyrolysis tube. Normally the pyrolysate was dis- 
tilled through a short Vigrcux column to separate the vola- 
tile products from recovered amide and other materials. 
The volatile fraction was then separated into olefin and 
aniiiie fractions by fractional distillation tlirough a 24-in. 
Podbielniak column.18 The wide separatioii in boiling point 
between the amine and olefin fractions permitted an appar- 
ent easy separation of the two. In a few experiments the 
amine was separated by extraction with dilute hydrochloric 
acid or by precipitation as the hydrochloride with anhydrous 
hydrogen cliloride. Tlie aniine and olefin fractions were 

(18) J. Casson and II. Rapoport."Laboratory Text iu Orranic Chem- 
istry," frentice-IIall, Inc., New York, N. Y., 1950, p. 237. 
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analyzed by infrared spcctromctry. Later" most of tlic 
samples were rcnnalyzed by gas chromatography esseiitially 
as described previously.6 The retention volumes of the 
amine coniponents were always much greater than those of 
the olefin components (on Perkin-Elmer packing B)  so t h t  
the two fractions could be very cleanly separated by gds 
cliromatography. The results of these analyses indicated 
that the separation by distillation aloiie was not as coin- 
pletc as iniglit be desired but for inost practical purposcs w;ts 
adequate. 

lior the isomerizatioii studies described in Table I V ,  the 
crude pyrolysate was waslied with cold, dilute hydrocliloric 
acid, cold 5yo sodiuiii bicarbonate, and water, dried over 
iiiagncsiuin sulfate and aridysed without further treatnicnt. 
In soiiie exlxxiiiiciits the olefin was picked up in n-pentane 
Ilrior to  the wasliiiig. Tlic presence of tlic n-pcntarie did not 
iiitcrfcrc iii :lily way with tlic :tnalysis by gas chrornatog- 
r:tpliy. 

LINCOLN 8, N i s i c ~  

Reduction of Vinylaromatic Nitro Derivatives1 

Derivatives of nitrosobenzene with vinyl or 
substituted vinyl side-chains are desired mono- 
mers in investigations on polymers containing 
nitroso groups. There are apparently no known 
examples of such polymerizable monomers ; how- 
ever, the literature describes nitrosociiinamic acids 
and esters2 and contains disputed reports for 4,4'- 
dinitrosostilbene and derivatives. 

A transformation of a nitro group into a nitroso 
group requires initial reduction into an hydroxyl- 
amine followed by oxidation. In  the present work 
reduction of nitrostyrenes, -stilbenes and -cin- 
namic acids using either zinc and ammonium 
chloride or aluminum amalgam in moist ether has 
been investigated. These reagents are known 
to reduce nitrobenzene, and derivatives with 
deactivating5 or weakly activating6 substituents 
attached to the aromatic ring, into corresponding 
P-arylhydroxylariiines. In  contrast, strongly acti- 
vating ring substituents 011 nitrobenzene promote re- 

( I )  Partial support of th i s  work by the  National Science Founda- 
tion Grant No. 0 4 2 4 0  is gratefully acknowledged. 

(2)  1'. J. Alwny aiid W. D. Bonner, A m i .  Chcm. J., 94, 392 (1001), 
claiincd the preparation of m- and  9-nitrosocinnamic acids and  esters 
by the  oxidation, using ferric chloride, of corresponding unisolated 
hydroxylamines, in turn prcliared in iinspecified poor yield by thc  re- 
duction of nitro compounds using zinc and acetic acid. I n  contrast, 
G .  Ileller, Ber , 43, 1918 (lolo), found tha t  o-nitrocinnamic aciil was 
reduced by zinc and acetic acid buKered with sodium acetate into o- 
aminociniiainic acid. 

(3) 0. I'ischer and  E. Ilepp, ibid., 46, 2231 (1893); 28, 2281 (1895). 
reportecl t h a t  p,P,-(linitrostilbene resulted from p-nitrotoluene and  
strong alkali in methanol; I'. Bender, :b id . ,  28, 422 (1896), claimed 
tha t  alkaline treatment of 4-nitrotoliiene-2-sulfonic acid rcsulted in the  
formation of a mixture of dinitrotlibenzyldisrllfonic acid and azoxystil- 
bciiedisullonic acid; A. G .  Green, A. H. Davies and R. S. Horsfall. 
J .  Chein. Soc. ,  91, 2070 (1!107), suggested tha t  "p,p'.dinitrosostilbene" 
aiid derivatives were, instead. dinitroazodirtilbenes. 

(4) G. H. Coleman, C. M. McCloskey and 17. A. Stuart ,  "Organic 
Syntheses," Coll. Vol. 111, John Wiley and Sons, Inc.. New York, 
N Y., 1!l55, p. GG8, used zinc and ammonium chloride; H. Wislicenus 
a n d  I.. Katifmann, Ber. ,  28, 1323 (1805).  used aluminum amalgam. 

(5) 1'. J.  Alway and A. B. Walker, ibid., 96, 2312 (1902), reduced o- 
and m-nitrobenzoic esters using zinc and  acetic acid; E. Bamberger 
aiid I?. I,. Pyman,  i b i d . ,  36, 2700 (1903), 42, 2306 (1909). used zinc and 
ammoniiitn chloride; lor a similar reduction of nitrobenzaldehydes see 
A. Kirpal, i b t d . ,  30, 1597 (1807), and  F. J. Alway, 96, 2312 (1002), 
aiid for rc<liirtioils o f  halonitrolienzencs see I<. D. Haworth and A. 
I.,ipwortli, J .  C h r m .  SOC., 119, 7G8 (1921). 

(0) li. 13unIx rgc r  i i t i i l  A. llisiiig. A X K ,  316, 378 (1901). rciluccd 
iiitrotriluc~ies. 

duction by these iiiild reagents into anilii~es.~ The 
reduction of m-nitroaniline into m-phenylenedi- 
amine using aluminum amalgam has now confirmed 
that even in  a m-position the amino group may 
not allow chemical reduction of an aromatic nitro 
group to stop at the hydroxylarnino stage. 

A vinyl substituellt attached a t  any available 
ring position in nitrobenzene hns now been ob- 
served to promote chemical reduction to a primary 
amine. In no Case was it possible to detect hy- 
droxylamines in reductions, using zinc and am- 
monium chloride, of nitrostyrenes, -stilbenesa 
or -ciiinaiiiic acids. Instead, corresponditlg amines 
were obtained in good to excellent yields. Similar 
results were obtained in good to excellent yields. 
Similar results were obtained from experiments on 
nitrostyrenes and aluminum amalgam in moist 
ether. These results were unexpected insofar as 
negatively substituted vinyl groups, such as is pres- 
ent in cinnamic acid aiid presumably stilbene, de- 
activate an attached aromatic ring.9 I n  contrast 
p-nitrobiphenyl has been reduced to  p-hydroxyl- 
aiiiinobiphenyl with zinc and anlmoiiium chlo- 
ride'" aiid with altiminuni ainalgam.11 

Experimental 
o- and 0-iiitrostyrcncs were prelxtrcd by dehydrobroinina- 

tion of the eorrespoiidiug bromides12 :tiid nz-nitrostyrene by 
decarboxylation o f  m-nitrocinnainic acid with copper powder 
and quinoline.13 cis-o-Nitrostilbeiic w:ts prepared by decar- 
boxylation of Irans-P-plieiiyl-o-nitro~iiiii~tiiiic acid with Ad- 

(7) With zinc dust ancl w:itcr, or zinc (lust. water and calcium 
chloride, 0-  and p-nitroi,lieuds an<l (1 and p-iilttr,.millnes wcrc reduced 
to correspuntling amiiiophenols and diariiiues: I<. Iiambcrgcr, B e r  , 
28, 215 (18!)5), and M. Luinicre and A. Seyewetz, I j d l .  soc. 'him..  [:%I 
11, 1038 (1804); see also I<. D. Haworth zrnd A I,apworth, ref. 5 .  

( 8 )  0. Drefahl, 0. Henning and C .  KudakolT. Chcm. Rer.. 91, 386 
(1958), reduced 4-nitrostilbene inti, azoxystilbene using magnesium 
and ammonium chloride 

(I)) 1'. G .  Ihrdwcll . r r i ~ l  K l<<,li<le, ' l ' i l is  J O t I l ~ h . ~ l , ,  TO, 11!11 (1918) 
(10) H. Gilriinn and I?. IS. Kirby, f b & d ,  48, 2192 (1920). 
(11) 1'. Bell, J Kcnyou : i r i i l  1'. I f .  I<oliitison, J .  Chevi. Soc., 1?:i!) 

(192G). 
(12) I<. W. S t russ i rur~~,  R .  >I. Gregg atid C Walling, l ' i irs J O U R N A L ,  

69, 21 1'2 (1947); E. L .  l?orciiwii and S. M. hlcl i lvain,  i b i d . ,  62, 1.136 
( I9  10). 

(13)  R .  I?.  Wiley arid N. I<.  Smith,  Orr .  Syr i lheses .  33, (i2 (1953); 
W. J.  D a l e  and C .  W. Strobcl. 'Ti irs  J U U K N A L .  76, 6173 (1951). 


