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 EXPERIMENTAL^^ 
Materials. p-Dimethylaminobenzaldehyde (m.p. 72-73”) 

and p-diethylaminobenzaldehyde (m.p. 38-39 ”) were pre- 
pared by the method of Duff.’a All of the following reagents 
were used without further purification: 2-Aminoethanol was 
Eastman Reagent Grade. 1-Amino-2-propanol and 2-meth- 
oxyethylamine were Eastman Practical Grade. 3-Amino- 
propanol, 3-methoxypropylamine, 3-isopropoxypropylamine, 
and 3-dimethylaminopropylamine were furnished to us by 
the American Cyanamid Co. 2-Amino-l-butanol was fur- 
nished by the Commercial Solvents Corp. 

Preparation of the Schi$ base. 4 mixture of 0.1 mole of 
the p-dialkylaminobenzaldehyde, 0.12 mole of the primary 
amino compound, and 50 ml. of dry benzene contained in a 
Dean-Stark moisture determination apparatus was heated 
under reflux in an oil bath until the volume of water col- 
lected in the trap remained constant (2-3 hr.). The benzene 
was removed by distillation under reduced pressure, and 
the residual oil was poured onto an ice water mixture. If 
the organic laver solidified, Process h was used; if it did not, 
Process B was used. 

(12) iill melting points and boiling points are uncorrected. 
(13) J. C. Duff, J .  Chem. Soc., 1945, 276 (1945). 

Process A .  The bolid crystalline mass was triturated with 
cold water, collected on a suction filter, and washed on the 
filter with several portions of cold water. After drying the 
crystals on the filter by use of a rubber dam followed by air 
drying, the crude material was dissolved in boiling petroleum 
ether (b.p. 30-60”), treated with Norite A for 15 min., 
filtered, and the filtrate was cooled in an ice-water bath to 
induce crystallization. The crystals were collected on a 
suction filter and washed with several small portions of 
cold petroleum ether. 

Process B.  The organic layer was extracted with ether, 
and the ethereal solution was washed several times with 
cold water, the washings being discarded. After drying over 
anhydrous magnesium sulfate and filtering, the ether was 
removed on a steam bath. In  some instances, the residual 
liquid solidified after standing at  room temperature for 
several days, and the solid product was recrystallized from 
boiling petroleum ether as in Process A. If the liquid did 
not solidify, it m-as purified by distillation under reduced 
pressure. 

Infrared spectra were recorded on a Perkin-Elmer Infra- 
red Spectrophotometer Model 21, using a XaCl prism. A 
smear was used for the liquids and a 5% solution in CCla 
was used for the solids. 
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Syntheses of the four 1-(5- and 8-methyl-l-naphthy1)cyclopentenes and cyclohexenes from l-nitronaphthaleae are de- 
Ecribed. The ultraviolet absorption spectral characteristics of these alkenes and of several 1,5- and 1,8-disubstituted naph- 
thalene intermediates are presented and discussed. 

In previous p a p e ~ s ~ - ~  we reported syntheses and 
ultraviolet absorption spectra of I, 11, and their 2- 

(1) Presented at  the Northwest Regional Meeting of the 
AMERICAN CHEMICAL SOCIETY, Seattle, TTash., June, 1956. 
Paper VI11 in the series on “Chemical Reactivities of Aryl- 
cycloalkenes.” For preceding papers see L. H. Klemm and 
H. Ziffer, J .  Org. Chem., 21, 274 (1956) and ref. (18). 

(2) Performed under the sponsorship of the Office of 
Ordnance Research, U.S. Army Contract No. DA-04-200- 

(3)  Abstracted largely from the M.A. and Ph.D. disser- 
tations of J. W. Sprague, University of Oregon, 1954 and 
1955, respectively. 
(4) L. H. Klemm and W. Hodes, J .  Am. Chem. SOC., 73, 

5181 (1951). 
(5) L. H. Klemm and H. Ziffer, J. Org. Chem., 20, 182 

(1955). 

ORD-176. 

naphthyl isomers as well as five derivatives (bear- 
ing methyl groups on the cycloalkenyl moiety) of 
these four parent naphthylcycloalkenes. The pres- 
ent paper extends these studies to four additional 
derivatives III-VI (bearing methyl groups on the 
naphthyl moiety). 

The synthetic scheme for the l,%disubstituted 
naphthalenes 111 and IV is outlined herewith. 

l-Nitronaphthalene was first nitrated via mixed 
acid to  a mixture of 1,5- and l,&dinitronaphtha- 
lenes, resolved into its components by fractional 
crystallization. The latter isomer was reduced read- 

(6) L. H. Klemm, H. ZifTer, J. W. Sprague, and H. Rodes, 
J .  Org. Chem., 20, 190 (1955). 
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I gent produced better yields of addition products 
with o-chlorobenzaldehyde (447,) and phthalic an- 
hydride (6670), where no a-hydrogens are present, 
than with the enolizable o-chloroacetophenone 
(20% after dehydration). In an effort to circumvent 
reduction of this Grignard reagent we investigated 

R ‘  R ’  the alternate route involving steps (h) and (i). 
Though a fair yield of crystalline 1-(8-bromo-l- 

111: R = CHj; R’  = I1 IV: R = CH,; I?,‘ H 1iaphthyl)cyclohexene (VII) (plus 16% of l-bromo- 
naphthalene) was obtainable in the former step, the 

,g \ /  @ 4, 

I :  It, It’ = FI 11: R, 12’ = H 

V:R = H :  R’ = CHy VI: R = H: R’ = CH? 

NO, NO, NO2 ClH7N NHBCl 

33‘;i 
and 21% of 
1,s -isomer 

K I  

53:; 

Mg, ether 
O=C(CHp) ,  \I 

89-9470 

1 
I11 or IV +------ 
(6-7% a3 Mg, ether 

complex) Me,SO, VII, 39y0 

ily , by means of low-pressure catalytic hydrogena- 
tion using 3oy0 palladium-rharcoal as catalyst and 
9570 ethanol as solvent, to 1,s-diaminonaphthalene, 
isolated as the crystalline dihydrochloride in excel- 
lent yield. Steps (e) to (f)  followed closely the pro- 
cedure of Fieser aiid Seligmaxii except that use of 
activated copper in step (d) gave inconsistent re- 
sults in our hands. Meailwhile it was noted that 
copper turnings dissolved in refluxing 48% hydro- 
bromic acid to give a solution which readily ef- 
fected the desired transformation. Reaction of the 
Grignard reagent from 1 -bromo-8-methylnaphtha- 
lene u-ith cyclohexanone (or cyclopentanone), dehy- 
dration of the intermediate carbinol, and fractional 
distillation of the crude product gave an unusually 
large amount of forerun and oiily a very small yield 
of purified 111 or IV, isolated from the alkene frac- 
tion Iza the crystalline polynitroaromatic molecular 
compomid. Examination of the forerun indicated 
that the main product formed was 1 -methylnaph- 
thalene, probably produced through preferential 
at straztioii of hydrogen from the cycloalkanone by 
the sterically hindered Grignard reagenr. Consist- 
ent with this ulterpretation are the findings of 
Ficser and Selignian7 that this same Grignard rea- 

( 7 )  I, F. Fiiwr dnL1 -1. \ I .  Seligman, ,T. A m .  Chem. SOC., 61, 
136 i 1030) 

__I__ 

subsequent methylation proceeded poorly. A pure 
intermediate was not obtained when cyclopenta- 
none was used in step (h). 

Much better success was attained in syntheses of 
the sterically less hindered l,5-disubstituted naph- 
thalenes V aiid VI, via the scheme.8 

The product from bromination of molten l-nitro- 
naphthalene was reduced n-ith iron (theoretical 
quantity) and acidulated mater to 5-broino-l- 
naphthylamine, transformed first to l-bromo-5- 
iodonaphthalene (72% yield, by diazotization in a 
mixture of glacial acetic and concentrated sulfuric 
acids and rapid addition of the resultant mixture to  
excess aqueous potassium iodide) and then to 1- 
bromo-5-methylnaphthalriie (35-497, yield) by the 
procedure used for the analogous conversion in the 
1,8- series. Step (g) yielded about 407, of purified 
complexes of T- and YI. 

Pertinent data on the ultraviolet absorption max- 
ima of 111 - T X  aiid of nine intermediates prepared 

(8) Despite the availability of 1,5dinitronaphthalenc 
as a by-product fiom nitration of l-nitronaplithalcne, a 
synthetic scheme for V and T T I  exactly analogous to that 
used for the 1,8-isomers is precluded on the basis that a 
1,5-aziminonaphthalene intermediate is sterically impos- 
sible Such an intermediate (T’III) effectively controls step- 
nise diazotization and rrplacement of t h p  t x o  amino groups 
111 the l,&series. 

____ 
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in their syntheses are given in Table I, where com- 
parison may be made with corresponding data 
for 1,5- and 1,s-dimethylnaphthalenes. The absorp- 
tion curves for the five compounds bearing amino or 
nitro groups exhibit the typical smoothness associ- 
ated with con juga t i~n~ t '~  and resemble in general 
shape the spectra recorded for 1-nitronaphthalene 
[A,,,, 243 my (log E 4.02) ; 342 (3.59) ; solvent, ab- 

that substitution of a second nitro group into the 5- 
or 8- position of 1-nitronaphthalene effects a hypso- 
chromic shift in the spectrum, i.e. makes the corre- 
sponding transitions more difficult-perhaps due to 
counteraction between the strongly electron-with- 
drawing nitro groups. This shift is more pronounced 
in the 1,8- isomer, where the nitro groups are in 
closer proximity than in its 1,5- counterpart. 

TABLE I 
ULTRAVIOLET ABSORPTIOX ?vlAXIMA FOR SOME DISUBSTITUTED NAPHTHALEXES' 

Substituents in 1,5- Positions 
I-C6H9,CHBb 1-C,H7, CH? CH3, CH? Br, CHIs Br, IQ Br, NHzb Br, XOtb Not, Notg 

mp log e mp log e mp loge mp log e mp log E mp log E mp log e mp log E 

A,,, Xmax A,,,, Amsx A,,, L a x  A,,, Amax 

229 4.86 

(279) 3.89 
287 3.99 

(296) 3.90 

l-CeHB, CHab 
X,,X 

mp log E 

229 4.82 

(277) 3 .81  
287 3 .91  

(296) 3 .83 
(321) 2.90 

229 4.79 

(280)" 3.79 
289 3.92 

(294-8) 3.90 

1-CsH7, CH2 
Amax 
mp log E 

229 4 .81  
(260) 3.39 
(278) 3.79 
288 3.91 

(296-8) 3 .83  

227 5.13 227 4.90 230 4.78 

276 3.85 280 3.83 (288) 3.91 
286 3.95e 290 3.93 297 4.01 
298 3.80f 301 3 .78  307 3.88 

Substituents in 1,8- Positions 
CH3, CHSd Br, CHab Br, Ib 

Xmax Xmax Am,, 
mp log E mp log e mp log e 

228 5.04 230 4.84 234 4.75 

275 3.80 (280) 3 .71 (296) 3 .93  

293 3.74? (303) 3 .76 (321) 3 .88  
285 3.86e 293 3.85 306-8 4.00 

218 4.82 

245-8 4.19 

331 3.76 

247 4.34 

342 3.83 

220 4.59 

245 4.35 

326 3.84 

Br, l-C6HSb 

mp log e 
Amsx 

228-9 4.82 

(285-6) 3 .86 
293-4 3.94 

(302-3) 3.88 

h _ _  

233 4.32 

327 3.81 

NOz, NOz' 
Xmsx 
m, log E 

h - _  

231 4.44 

313 3.81 

Determined by means of a Beckman DU spectrophotometer using analytically pure samples. Parenthesized values of 
A,,, represent shoulders rather than true maxima. Solvent, cyclohexane. Shoulder barely discernible. See reference 10, 
spectra 202 and 205; solvent, isooctane. e Some barely perceptible shoulders in the region 250-270 mp have been omitted. 

Solvent, ethanol. From the curve it is apparent 
that a maximum is present a t  <214 mp. 

Fine structure beyond this maximum has not been included in this table. 

solute ethanol] and l-naphthylamine[Am,, 240 
mp (log E 4.36), 322 (3.71); solvent ethan01l.l~ 
Variation in solvent used (especially in these cases 
where hydrogen-bonding may be large) interferes 
with a complete and meaningful comparison of re- 
sults. One observes, however, that substitution of a 
bromine atom iii the 8-position of l-naphthyla- 
mine produces an ant'icipated bathochromic shift in 
the spectrum (7 and 20 mp in the respective posi- 
tions of the absorption maxima). Also it appears 

(9) R. S. Jones, b. Am. Chem. S O ~ . ,  67, 2127 (1945). 
(10) R .  A. Friedel and SI, Orchin, C'lt,avioZet Spectra of 

Aronzatic Compozinds, John Kiley and Sons, Inc., New York, 

(11) H. H. Hodgson and D. E. Hathway, Trans. Faraday 

(12) Y. Hirshberg and R. S. Jones, Can. J .  Research, 27B, 

___- 

1951, pp. 19-21. 

soc., 41, 115 (1945). 

437 (1949). 

All of the other spectra investigated (Table I) 
have the same general shape as that of a dimethyl- 
naphthalene (but devoid of some minor fine struc- 
ture), where the substituents produce mainly a 
bathochromic shift in the spectrum of naphthalene 
in the general order of effectiveness I >> Br > cy- 
cloalkenyl E' Me > H.l0 It is particularly note- 
worthy that the spectra of 111-VI are nearly 
identical and differ from those of their parent hy- 
drocarbons I and 116 essentially only in being shifted 
bathochromically by about 4 mp (equal to the shift 
observed in going from l-methylnaphthalene13 to 
the 1,5- and 1,s-dimethylnaphthalenes), The 0'- 
distributions6 (sterically unrestricted angles of twist 
between the planes of the naphthalene ring and the 

(13) Ref. ( lo),  spectrum 196. 
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cycloallrenyl double bond) for I and I1 should not 
be altered by insertion of a methyl group in the 5- 
position of the naphthalene ring but will be de- 
creased in extent (0' = 80-128" for I, 0' = 90" for 
111) by methylation in the 8- position. The insensi- 
tivity of the spectra to  such variation in 0' is con- 
sistent with our previous suggestions6 that from the 
point of view of ultraviolet spectroscopy the alkenyl 
double bonds in I and 11 [as well as in 111-TI] are 
effectively unconjugated with the naphthalene 
nucleus (0- distribution = 90" f p) .  

EXPERIMENTAL] 

l-LVztronaphthalene. Technical grade 1-nitronaphthalene 
vas  recrystallized from ethanol (2 ml per g. of nitronaph- 
thalene), m p. 58-60". 

Sztralzon of I-nztronaphthalene. To the dark red solution 
of 500 g. of purified I-nitronaphthalene in 4.1 kg. of teeh- 
nical grade sulfuric acid (66' BaumB) contained in a 16-1. 
borosilicate jar immersed in a stirred ice-salt bath was 
added, dropmise (over 1.5-2 hr ) vcith efficient stirring15 a t  a 
reaction temperaturc maintained at  0-5", 1 1. of mixed acid 
(prepared from 200 ml. of technical grade 36' Baume nitric 
acid and 800 ml. of technical grade sulfuric acid). An addi- 
tional 100-200 ml. of mixed acid n-as then added portion- 
wise (over 15-30 min.) until no further red coloration xvas 
apparent on extended stirring. The mixture was poured 
slonly. with stirring, onto 16 1. of pomlered ice and the 
reaction vessel was rinsed with ice-cold Rater. Several hours 
later the precipitate was collected by suction filtration, 
washed ~ i t h  6-8 1. of hot water, and dissolved in 14 1. of hot 
acetone The filtered (nith a cheesecloth mat) acetone solu- 
tion deposited yellow needles on cooling l o  room temper- 
ature. The washed (with 200 ml. of acetone) needles m-ere 
recrystallized from pyridine (5 ml. per g. of crystals), yield 
113-120 g. of l$-dinitronaphthalene, m.p. 215-216'; re- 
ported16a m.p. 219". 

The acetone mother liquor was concentrated to crystal- 
lization, cooled to 5', and filtered. The collected precipitate 
was mashed with 1 1. of ethanol, dried, and dissolved in 3 1. 
of hot benzene. The crystals which formed on cooling the 
filtered benzene solution to room temperature were recrys- 
tallized tn-o or three times from benzene and once from 
glacial acetic acid (Norit A), washed with nater (first cold, 
then hot), and dried at  l l O o ,  yield 175-190 g. of 1,8-dini- 
tronaphthalene as pale yellow rhombs, m.p. 171-172'; 
reported'eb m.p. 172". 

Processing (zza the entire preceding crystallization 
scheme) of the precipitate obtained from concentrating 
and cooling the benzene and acetic acid mother liquors 
gave additional yields of 13 g. of 1,5- isomer and 25 g. of 
1,8- isomer (2lYc and 33%, av. over-all yields, respec- 
tively). 

1,8-Dzaniznonaphthalene dzhydrochloride. A mixture of 100 
g. of finely powdered l$-dinitronaphthalene, 2 g. of 30% 
palladium-charcoal, and 1 1. of ethanol, contained in a 2-1 

(14) Melting points are uncorrected. Microanalyses 
were performed by Micro-Tech Laboratories, Skokie, Ill. 

(15) A Lightnin Model 1 stirrer, equipped with a 2-inch 
stainless steel propeller with the blades inverted BO as to 
force the liquid from top to bottom, was used. The stirrer 
and dropping funnel were positioned so as to prevent clotting 
of the reaction mixture and the excessive pastiness even- 
tually resultant therefrom. 

(16) F. Radt, Elsevier's Encyclopaedia of Organic Chem- 
i s t ry ,  Elsevier Publishing Company, Inc , Kew York, 
1948, IZB, (a)  p. 388, (b) p. 390, (c) p. 831, (d)  p. 372, 
(e) p. 293. 

borosilicate aspirator bottle (tightly stoppered uia a collar 
screw assembly and strapped horizontally into a metal can 
partia,lly filled wit'h water a t  l5'), was shaken mec,hanically 
in the presence of hydrogen (introduced from a reservoir 
via the side connect,or of the aspirator bottle) a t  a pressure 
of 1.7-4.0 atm. until the theoretical amount (6 molar quan- 
tity) of hydrogen had been absorbed. The nearly colorless 
solution resulting from filtration (Celite) of the reaction 
mixture was treated with 250 ml. of concentrated hydro- 
chloric acid and 250 ml. of ether, chilled, and filtered. Thc 
solid was -sashed with ether a,nd dried, yield 94-100 I$. 
(89-947,) of creamy white powder, m.p. 290" (dec.); r p  
ported16Cm.p. ca. 280". 

Cse of Adams' platinum catalyst instead of palhdium- 
charcoal gave a red solution and a blue-gray product. At- 
tempts to use Raney nickel catalysts of various types and 
under a variety of conditione were uniformly unsuccess- 
ful. 

8-Bron1o-l-naphthylanzine. To the solution prepared by 
refluxing a mixture of 60 g. (0.94 g.-atom) of copper turn- 
ings wit'h 900 ml. of reagent grade 487, hydrobromic acid 
and maintained at  100-1 10" n-as added portionwise the 
pulverized crude a,ziminonaphthalene7 obtained from :L 
total of 198 g. (0.86 mole) of 1,8-diaminonaphthalene dihy- 
drochloride. The mixture was then refluxed for 30 min. 
and processed furt'her amording to the directions of Fieser 
and Seligman,? yield 82-88 g. (43-467,), b.p. 140-150" 
(2 mm.), m.p. 86-88". 

1 -Bromo-8-iodonaphthalene was prepared according to 
published directions,' m.p. 97-99'. 

1-Bromo-8-methylnmphfhalene was prepared according to 
Fieser and Seligmanj except' that the magnesium was added 
portionwise to aid in moderation of the reaction and the 
final product was crystallized from methanol, m.p. 74-76', 
yield 667,; reported m.p. 76-78", yield 74%. 

I-(8-Bromo-~-nrcphthyl)cgicZohezene (VII). To the Grig- 
nard reagent (prepared by initiation via iodine and subse- 
quent moderation by cooling) from 33.3 g. (0.01 mole) of 
l-brom0-8-iodonaphthalene~ 2.4 g. (0.10 mole) of mag- 
nesium, and 100 ml. of ether was added slowly a solution of 
11 ml. (0.11 mole) of cyclohexanone in 20 ml. of benzene. 
The mixture >vas stirred for 10 Br. a t  room temperature 
and then poured into excess dilute acetic acid. The non- 
aqueous phase, combined with ethereal extracts of the 
aqueous phase, was washed with R-ater, dried, and evapo- 
rated. The residue was heated at  200" (nitrogen atmosphere) 
until evolution of water had ceased and then fractionally 
distilled t o  yield '12.3 g. of yellow liquid, b.p. 172-178" (2.4 
mm. ), which crystallized on standing. Recrystallization from 
methanol produced 11.1 g. (397c) of flakes, m.p. 51-53', 
elevated to 55-56' on repeated crystallization of a small 
sample from the same solvent. 

Anal. Calcd. for ClsH15Br: C, 66.91; H, 5.27. Found: C, 
66.28; H, 5.51. 

The product decolorized bromine in carbon tetrachloride. 
It failed to yield a crystalline complex n-ith either picric acid 
in ethanol or trinitrofluorenone in glacial acetic acid. 

l-(8-Methyl-l-nnphthyl)c~clohezene (111). (a) Prom VIZ. 
To a refluxing mixture of 30 ml. of ether, 1.4 g. (0.058 g.- 
atom) of magnesium, and an iodine cryst>al was added 
(over a period of 6 hr.) a solution of 15 g. (0.052 mole) of 
lTII in 30 ml. of ether. After 15 hr. further refluxing, a solu- 
tion of 15 ml. (0.16 mole) of purified'j dimethyl eulfate in 
60 ml. of benzene was added slowly. About half of the 
solvent n-as removed by distillation. The residue was re- 
fluxed 18 hr. longer and processed as per directions for 1- 
bromo-8-methylnaphthalene, crude yield 5.8 g. (50%) of 
liquid, b.p. 128-137" (0.35 mm.). 

Further purification of t,he alkene was effect'ed via the 

(17) L. F. Fieser, Experiments in Organic Chemistry, 2nd 
ed., D. C. Heath and Co., Boston, 1941, p. 373. 
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TSE' lnoleculai compoundL8 (m.1). t05-135"), c*hroma- 
tographic dissociation thereof (using 1 : 1 by volume Celite- 
xctivateil alumina as adsorbent arid 30-60" petroleum 
ether as eluent), vacuum distillation, and conversion to the 
picrate, formed in methanol, recrystallized to constant 
m.p. ( 119-120') from ethanol, obtained as orange-yellow 
needles (over-all yield 1.4 g., 6%). 

.lnal. Calcd. for C7rH21T1T30r: h', 9.31. Found: S, 9.43. 
Chromatographic dissociation of the picrate by the pre- 

ceding method gave colorless 111, b.p. 108-109' (0.3 mm.). 
.tnnl. Calcd. for C17H18: C, 91.84; H, 8.16. Found: C, 

92.04, H, 8 30 
( b )  P r o v ~  I-(,roitio-8-itieth?/Ilzaphthalene. To the ice-cold 

Grigriard reagent' prepared from 11.0 g. (0.050 mole) of 
I -tiromo-8-methT-lnaphthalene, 1.3 g. (0.054 g.-atom) of 
magnesium, i ml. of benzene, and 30 ml. of ether was added 
dropwise a solution of 5.4 g. (0.055 mole) of cyclohexanone 
in 8 ml. of benzene Further processing followed the general 
directions of Bachmann and Kloetzel,lg yield 3.4 g. (36%) of 
crude 111, b.p. 148-155" (1 mm.). Treatment of this product 
\\-ith an equimolar quantity of T X F  ill glacial acetic acid 
:rnd repeated crystallization (with occasional mechanical 
separation of some brown, high-melting by-product) from 
the same solvent gave red, silky needles of I I I . T S F  molecu- 
lar compound, m.p. 119-121" (over-all yield 7 c / ) .  

1-(8-l~~ethyl-l-naphthyl)cyclopentene (IV). To the Grig- 
nard reagent (a t  10') from 5.5 g. (0.23 g.-atom) of mag- 
nesium, 50 g (0.23 mole) of 1-bromo-%methylnaphthalene, 
300 ml. of benzene, and 100 ml. of ether was sloivly added a 
solution of 38 g. (0.45 mole) of cyclopentanone in 60 ml. of 
benzene. Further pIocessing 15 as conducted essentially as in 
the preparation of 111, but ivith dehydration of the crude 
intermediate carbinol effected thermally (by heating at  200" 
In an atmospheie of nitrogen for 30 min.) instead of ma an- 
hydrous formic acid, yield 14.6 g. (30c/,) of yellow liquid, 
b.p. 130-140' (0.35 mm.). The product decolorized bromine 
in carbon tetrachloride and gave a positive Baeyer test. 

For further purification a sample of the liquid was re- 
distilled zn vacuo from sodium (using a nitrogen bubbler) and 
converted to the picrate in absolute ethanol. Recrr stalliza- 
tion thereof to constant m.p. (99-100') from the same 
solvent produced orange needles. 

Anal. Calcd. for C22H19XLh: S, 9.61. Found: S, 9 63. 
The purified alkene, recovered from the picrate by the 

method of Klemm and Hodes,4 was obtained as a pale yellow 
liquid, b.p. 128-129" (0.6 mm.). 

.lnal. Calcd. for C16H16: C, 92.26, H, 7.74. Found: (2, 91.84; 
H, 7.87. 

6-Bronio-l-nLlronaphthah?ne. To a stirred mixture of 500 
g. (2.89 moles) of 1-nitronaphthalene and 5-6 g. of reduced 
(by hydS2gen) iron powder, maintained at  a temperature 
of 80-80 , was added dropwise over a period of 2-3 hr. 
450 g. (2.81 moles) of bromine. About an hour later vihen gas 
evolution had ceased the reaction mixture was Crystallized 
directly, once from ethanol and then once from acetone 
using Sorit  A both times, average yield 300 g. of fine yellow 
needles, m.p. 121-122', plus 30 g. from processing of the 
mother liquors, m.p. 120-121 ' ( 4 7 5 ,  total); reported'6dm.p. 
122.5 '. 

5-Bioitio-l-naphthylaircine. To a vigorously stirred sus- 
pension of 168 g. (3 moles) of reduced (by hydrogen) iron 
powder in 1.25 1. of hot water was added 5 ml. of glacial 
:toetic acid and then (cautiously in 20-g. portions and at  
such a rate as to maintain gentle reflux) 252 g. (1 mole) of 
5-bromo-1-nitronaphthalene. 

After an additional hour of heating and stirring, the mix- 
ture was rooled and the two phases were separated by de- 
vantation. The liquid phase was extracted oncc with ether; 

(18) I,. H. Klemm, *J. iV. Sprague, :mi1 H. Ziffer, . I .  O r g .  

(19) W. E. Bachmann and 51. C. Kloetzel, J .  Am.  Che?n. 
Chem., 20, 200 (1955). 

Soc., 60, 2204 (1938). 

the solid phase, three times with hot acetone (filtered). 
Combined organic extracts TI ere washed with excess 40c0 
aqueous sodium hydroxide, dried (magnesium sulfate), con- 
centrated tn zacuo to a dark liquid, and extracted with 3.3 1. 
of boiling 0.33.V hydrochloric acid. The gray-Thite needles 
of the amine hydrochloride which separated on cooling the 
extract were washed with G S  hydrochloric acid and air- 
dried. A sample of the hydrochloride was obtained almost 
pure white by recrystallization from dilute hydrochloric 
acid and then sublimation at  0.5-1.0 mm. pressure, m.p. > 
225'(dec.). 

The main Dart of the hvdrochloride was suspended in 
ethanol and treated with an equivalent quantity of eatu- 
rated aqueous potassium hydroxide. Thc precipitatc ivhicli 
formed was removed by filtration and washed with ethanol. 
Combined filtrates were fractionally distilled, yield 11 7 g. 
(53'3) of nearly whitc solid, b.p. 156-158' (1.4 mm. of 
nitrogen), m.p. 69-i2". A sample was recrystallized twicc 
from 9 : I carbon tetrachloride-petroleum ether (60-90" ), 
m.p. 69.5-71' ; reported20 m.p. 69". 

1-Bromo-5-iodonaphthalene. To a cooled, stirred solutio11 
of 155 g. (0.69 mole) of 5-bromo-1-naphthylamine in 1.4 1. 
of glacial acetic acid were added, a t  such a rate that the 
temperature did not exceed 20", 37 ml. of concentrated sul- 
furic acid slid then a solution of 55 g. (0.77 mole) of sodium 
nitrite in 550 ml. of concentrated sulfuric acid. When the 
intermediately formed precipitate had redissolved, 15 g. of 
urea  as added. On cessation of evolution of gas the mis- 
ture was poured rapidly into a vigorously stirred solution of 
170 g. (1.02 moles) of potassium iodide in 340 ml. of water. 
Again after evolution of gas had ceased, the mixture was 
heated to 90" for 30 min. and then poured slowly into B 

stirred solution of 120 g. of sodium bisulfite in 6 1. of water. 
The precipitate was collected from the cooled solution, dkied, 
and distilled at  1.5 mm. pressure. The distillate boiling up 
to 175" was crystallized first from glacial acet,ic acid and then 
from acetone, yield 165 g. (727,) of needles, m.p. 118.5- 
120'; reportedz1 yield 28%, m.p. 118'. Recrystallization of a 
sample from acetone (Xorit A)  gave m.p. 119-120". 

I-Bioino-5-niethylnaphthalene. Following almost' the exact 
procedure of Fieser and Seligman' for the preparation of the 
isomeric I-bromo-8-methylnaphthalene there was obtained 
15-21 g. (3549%) of platelet? (from methanol), m.p. 59.5- 
62". Two recrystallizations from methanol raised the m.p. 
to 61-63'; reportedlce m.p. 63-64'. 

I - ( j -~~feth~Z-l-naphth?Z)cyc~ohe~ene (V). The product, 
prepared as for I11 but in ether only, from interaction of 
the Grignard reagent of I-bromo-5-methylnaphthalene 
(50 g.) and cyclohexanone (22 g.) was hydrolyzed and dehy- 
drated (with anhydrous formic acid) by the procedure of 
Bachmann and I<loetzel. Fractional distillation of the 
resultant alkene gave a crude yield of 28 g. (56c/L) of light 
yellow liquid, b . p  137-142' (0.75 mm.).  Treatment of a 
methanolic solution of the liquid with an equimolar amount 
of picric acid precipitated V-picrate, recrystallized from 
methanol to constant melting range 96-1 1 1 ", yield 1 1  g. (41 :!; 
over-all) of orange rods. 

-anal. Calcd. for C,7H,,C~H&Oi: picric. acid, 50.8. 
Found:22 picric acid, 51.2. 

The picrate was dissociated chroinatographicall2- accord- 
ing to the method of Klemm and Zifferj for T S B  and TSF 
molecular compounds. Distillation of the effluent yielded 
colorless V, b.p. 153-154' (1.8 mm.). 

. in~Z. Calcd. for C1;His: C, 91.84; H. 8.1ti. I ~ O I I I I ~ :  C, 
91.36; H, 8.30. 

l-(5-ll~ethyZ-l-ncLphthyl)~ycloperilerL~ (VI). Iri a fashion 
analogous to the preparation of \-, 100 g. of l-bromo-6- 
methylnaphthalene yielded 52 g. (55vc )  of crridr allrenr, ob- 
tained as a yellow liquid. b.p. 135-145a (1 mm.) convrrtetl 
to \rI.TNF18 and rerrptallimd from glacial awtir arid to 
- -- 

(20) F. Ullmann and F. Consonno, Ber., 35, 2802 (1902) 
(21) 0. Lock, Jlonatsh., 81, 850 (1950). 
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constant melting range 103-119", yield 87 g. (37% over-all) 
of red needles. 

Anal. Calcd. for C~GH&I~HSN~OT: TSF, 60.2. Found:2* 
TKF, 59.5. 

(22) Determined spectrophotometrically by a procedure 
to be described elsewhere. 

Chromatographic dissociation of the molecular compound 
by the preceding method produced nearly colorless VI, b.p. 
139-140' (1.4 mm.). 

Anal. Calcd. for C16H16: C, 92.26: €1, 7.74. Found: C, 
91.83; H, 7.89. 
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Reaction of Ethylene Oxide with Urea 

W. F. TOUSIGKANT ASD A. W. BAKER 

IZeceived August 17, 1966 

The reaction of equimolar amounts of ethylene oxide and urea gives as a main product p-aniinoethylcarbarnate> rather 
than the expected p-hydroxyethyluren. The reaction mechanism can be compared ixith an h' + 0 acvl migration. 

Pacyuiii' reported that a high molecular weight, 
water soluble product is obtained by reaction of 
ethylene oxide with urea at  temperatures above 
90". However, the intermediates and the final prod- 
uct were ill defined. 

The purpose of this paper is to present a study of 
the reaction products obtained by passing ethylene 
oxide into molten urea. I t  was shown that small 
amounts of p-h ydroxyethylurea (I) and 2-oxazoli- 
dinoiie (11) were produced along with the main re- 
action product, p-aminoethylcarbamate (111). 

The various products isolated and characterized 
111 the experimental section are in conformity with 
a mechanism involving as a first step a nucleophilic 
attack by urea on ethylene oxide. This would 
give the transient intermediate (11') : 

CHZ-CCH? f HZN-C-NH? ---t 'o.$- 0 II 

- CH2-CH2 1 
The intermediate could be stabilized by a proton 

transfer from nitrogen to oxygen to form p-hydroxy- 
ethylurea (I). An alternative method of stabiliza- 
tion could be an intramolecular. iiucleophilic at- 
tack of the negatively charged oxygen on the car- 
bonyl carbon to form the cyclic intermediate (IVa), 
which subsequently dissociates into P-aminoethyl- 
carbamate (111). 

The latter mechanism is similar to that proposed 
by Tan Tamelen213 for the formation of cis-2-amino- 
cyclopentyl (p-nitrobenzoate) by the action of hy- 
drogen chloride on cis or trans-N-(p-nitrobenzoyl) - 
2-aminocyclopentan 01. 

The formation of 2-oxazolidinone (11) conceiv- 
ably occurs by an elimination reaction involving 

IV 

(I) A. PAC~UIII ,  Kurdstofle, 37, 165 (19471 
(2) Van Tamelen, J .  Am. Chem. SOC. 73, 5773 (1951). 
(3) Van Tamelen, Tousignant, Peckham, J .  Am. C h m ? ,  

,Sac. 75, 1297 (1953). 

C H 2 - p  CH2 
I11 

the removal of ammonia from either (I) or (111). 
C10se,~J' for example, converted p-hydroxyethyl- 
urea into 2-oxazolidinone by heating at  190-200". 
By analogous treatment we were able to trans- 
form p-aminoethylcarbamate (111) into 2-oxazolidi- 
none (11). 

Finally it is of interest that 2-oxazolidinoiie (11) 
may be converted into p-aniinoethylcarbamate 

8 0  'NH? 
0 

CHZ-CHI 
LVil 

(4) Close, J .  Am. Chenh, SOC. 73, 95 (1951) 
(5) Close, J .  Org. Chem. 15, 1131 (1951). 


