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Anal. Calcd. for CiaHlpOn: C, 83.0; H, 4.65. Found: C, 
82.8; H, 4.71. 

The same compound (0.35 g.) (mixed melting point and 
infrared spectrum) m-as obtained when 0.5 g. of 4-methoxy- 
l-pheii~-l-2-naphthoie acid3 was boiled for 13 niin. with 
t!iionyl chloride, and the resulting oily acid chloride was 
trcated with 0.4 g. of aluininuni chloride in 5 nil. of benzene. 

Chalcone and aluminum chloride in bemene. When a sus- 
pension of 70 g. of aluminum chloride in 300 ml. of benzene 
wts trcat'ed with 100 g. of chalcone, a smooth exothermic 
rcwtiori look place during 15 niin., forming a bright yellon, 
solid complex. Roilirig for 15 min. more gavc an orange-red 
solution, arid this was hydrolyzed with iced hydrochloric 
acid. RIost of the benzene WAS then distilled arid replaced 
with 60-70' ligroin, giving 97 g. of nearly pure P,@-di- 
I)hcnylpropiopl.ienorie. The mother liquor was concentrated 

et1 again with ligroin, giving 21 g. more of the Balm 
licttonc. ?'be nmtcrial (17.4 g.) renirtinirrg in the second 
iiiother liquor was separated by fractional distillation and 
chroinntugraphy into 6.4 g. of P,P-diplicnylpropiophe~ione, 
2 g. of tliphenylixiethaiie, B nd 0.29 g. of 3-phenylhydrindone, 
1n.p. 76-77' dorie or niixcd with an authentic sample. 

a--~~ethylciLnic3rie. d mixture of 5.5 g. a-niethylchalcorie, 
4 g. of aluiniriurii chloride, and 20 in!. of benzene gave an 
orange-rcid solution when it v - a d  boiled 13 inin. Decompusi- 
tion witli iwcl hjdrochloric acid, etc., furiiishcd 5.1 g. 
of B-nielh.~~.ll-9.-phen2ilhydrindone, a colorless oil b . p  195- 

for CIGIII.LO: C, 86.4; 11, 6.35. Found: C. 

ith the calculated aniouut of bromine in 
acclic a d ,  i'olloii-cd by potmsium hydroxide in methanol 
gave 3 nearly quanti tal.ivr: yield of 2-methgl-X-plie1iyiindoiie, 
yeliow pr ism 11i.p. 83-8-1" alone or rnixcd with an authentic 

r-I'j,eniilclinlcoiie. A mixture of 1.5 g. of aluminum chlo- 
ritic! arid 2.8 g. of a-r~icii3ilchalcorie in 15 nil. of benzene 

own solution niter i t  had been boiled 
i i~ed 2.8 g. of solid product, separated 
iza.tiuii froin alcohd into 0.9 g. of 

~ , : ~ - ~ ~ ~ ) ~ i ~ ! : i ~ I ~ ~ ~ ~ r ~ r i d o r i e ,  111.1,. '38-100" alone or niixcd with 
an :~ui!icritic saniplejQ and 1.3 g. d colorless needles m.p. 
lX--lSS". ?'he latter suhst,ancc probably h g e l y  a 
sti:rcoisonii:ric Iorm of 2,3-dipheii:ilhydrindone, since both 
products gave 2,3-diphenylindont,ie on treatnient with oro- 
iiiirie :urd theri potmsiimi hydroxide. 

a-R,,oniochaEco?ze. Crystalline a-bromochalcone ( 1.5 g . )  
in 10 nil. of i)ciizcrrc contaiiling 1.5 g. of aluminum chloride 
gave n gnxn-brown solution afccr 10-min. boiling. There 
 as obtained 1.5 g. of 3-",r.omo-3-phenylhydriiidone which 
had n1.p~ 84-87" after crystullizat~ion from alcohol. 

.Anal. C':dcci. for CL5Hll13rO: C, 62.7; W, 3.84. Found: 
c, 62.6; H, 3.!12, 

Lhis proclnc:~ I\ as a. mer o€ the compound m.p. 
88--!Nlc, obtsined b3 ting X-phenylhydri~idonc.~o 
A tnixturc of tht tv:o h d  in .p  78-83'; infrared spectra 

t that the X i "  fsomcr absorbed at; 765, 
whcrcas in the $0' isomer thwe barids 

occurred ai, 760, '742, and 700 e m - '  Each of the compounds 
e-seniicarbazone, m.p. 203" dec. (re- 
characterized by infrared spectra. 

rr-Cu/,bc!llio.i.!lcilalcorlc. This substance (1 .5  9.) reacted 
rapidly \vi tb 2 g. uf duminuri~ chloriclc in 10 nil. of benzene 
to forill a yellow oily coniplcx tvhich dissolved after the mix- 
ture h;id hwii  lrnileti lor 15 min. There \vas obtained 1.45 g. 
of palc yeliuv; pr[;&ict, that crystallized completely when it 
was riulrrheri with ot,hcr. Il,esrysl,allization from alcohol gave 

san1ple.~ 

,, 

2-carbethoxy-3-phenylhydrindone, faintly pink needles, i1i.p. 
86-88' that  gave a blue-violet color with ferric chloride. 

Anal. Calcd. for C18Hi,03: C, 76.9; H, 6.05. Found: C, 
77.1; H, 5.90. 

The product mas identical (mixed melting point, a.nd 
infrared spectrum) with the one obtained from 2-carbethoxy- 
3-phenylindone by (a )  catalytic reduction'2 or (b)  reduetioil 
LTith zinc and acetic wid.  Condensation of X-phenylhydrin- 
done with ethyl carbonate13 in this laboratory also gave tho 
same substance and not the form m.p. 103-104" reported kiy 
t,he British investigators. The latter form is more likely 
an allotropic inodification than a stereoisomer, for it is diffi- 
cult to believe configuration would be preserved in a snli- 
stance so easily enolized. The instability reported by YosL 
and Burger is not simply steric inversion, as suggested by 
Baker, and is really not very proiiounccd. A sainple kept in 
this laboratory for two years had become brown and sticky 
in spots, but still contained over 50% unchanged material. 

Hamerston for analytical results. 
L4clcnowledytnent. The author thanks Mrs. 0. 

SCHOOL OF CHEMISTRY 

~ITNNEAPOLIS, MINX. 

(121 W. L. Yost and A. Burger, J .  Ory .  Chwna., 15, 1113 
(1950) I 

(13) \V.  Baker et at., J .  Chein. Xoc., 4026 (1957). 

UNIVERSITY O F  h h N E S O T A  

I______ 

The Stevens Rearrangement in the 
Benzomorphan Synthesis 

Receaced .Yoceniber 14, 1960 

Synthesis of analgesics of the benzomorphaii type 
has been accomplished either by means of the 
Grewe synthesis' as in diagram A, or through a p- 
tetralone.2 This note concerns a synthesis based on 
the Steveiis rearrangement of the N-benzyl qua- 
ternary salt (111) and is diagrammed in B. 

The action of basic reageiits 011 quaternary 
ammonium salts may yield a variety of products 
depending on the nature of the reac ta i~ ts .~  A recent 
example related to this work is that  of henzyl- 
methylpiperidinium iodide which with sodium amide 
in liquid ammonia gave three rcarrangemeiit 
products as a result of aryl- and alkyl-migrati~ns.~ 
One of these was 2-beiizyl-l-niethylpiperidine, ob- 
tained in 237, yield. It was felt that in the tetra- 
hydro system (111) the most readily formed ylid 
would be that conjugated with the double bond and 
that substitution at the desired site (2- position) 
might thereby be favored. At present it is iiot 
possible to  say what pcrecntage of the totnl re- 

(1) R. Grewe, dgnew:.  Chcm., 59, 194 (1947). 
(2) E. L. May and E. hl .  Fry,  J .  Org. Chein., 22, 1366 

(1957). 
(3)  S. JT. Kantor and C. R. IIauscr, .I. Am. Chcriz. S o  ., 

73, 4122 (1951); G. Wittig and T. F. Burger, Alnn.J 631, 
85 (1960). 

( 4 )  L. P. A. Ii ery and L. van Hove, Bull. Soc. C'him. Bely. 
69, 63 (1960) 
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I1  
f IV 

R3 
I11 V 

I and I1 
b. Rz = H, R3 = CHI 
C. Rz R3 = CHI 
d. R, = R3 = CzHs 

I11 and IV 
a. Rl = H, RZ = RI = CH3 
b. RI = OCHa, Rz = H, Rs = CH3 
C. R1 = OCH3, RB = R3 = CH3 
d. Ri = OCHs, Rz = R3 = CzHs 

V 

b. R1 = OH, Rz = HI R3 = CH3 
C. R1 = OH, RP = RI = CH3 
d. Ri = OH, R, = Ra = CzHs 

a. Rl = H, Rz = R3 = CH3 

arrangement is directed to the 2- position for only 
the Stevens product IV has as yet been identified. 

The tetrahydropyridine bases mere easily ob- 
tained by sodium borohydride reduction of the 
N-methyl quaternary pyridine salts6 and then 
converted to the quaternary salts 111. The NMR 
spectrum of I I Ib  showed a line a t  6.33 p.p.m. 
due to vinylic hydrogen. No corresponding line 
was present in the spectra of I I Ia  and IIIc. Fur- 
thermore the line a t  1.78 p.p.m. (CH8-C=C-) 
was half that of IIIa and IIIc (CH,-C=C-CH,) 
in this region. Thus the correct position of the dou- 
ble bond is assured and its position is also consis- 
tent with the results of other work on the hydride 
reduction of 3-substituted pyridine quaternary 
Sa lk6  Rearrangements with phenyllithium gave 
in part the desired compounds (IV). Whether a 
base IV was isolated or was part of a mixture, its 
structural identification rests on that of the known 
benzomorphan resulting from ring closure. In 

(5) M. Ferles, Collection of Czechoslov. Chem. Communs., 
23, 479 (1958); 24, 2221 (1959). 

one case (IYa) YAIR showed no vinylic hydrogen 
and hence no bond migration. 

Although the rearrangement step has not hecn 
carefully investigated, yields thus far indicate that 
the method has 110 advantage ovcr the older onc 
except that possibly use of the rearranging base is 
preferable to that of the Grignard reagent utilized 
in the Grewe synthesis. Yield comparisons are 
given in the experimental section. 

EXPERIMESTAL 

Melting points are uncorrected. illicroanalyses are by 
Paula Parisiup of the Analyt,ical Services Unit of this Labora- 
tory, Harold RlcCann, director. NYIR spectra, GO hlc, amre 
with tetramethylsilane as internal reference standard ailll 
deuterchloroform as solvent. 

The nr-methyltetrahydropyridines (11) were prepared in X 
sodium hydroxide solution using a molar equivalent of 
sodium borohydride. The ratio of solution to  t,he wcight of 
hydride was approximately 50 t'o 1. If the reduction did not 
start spontaneously the solution was warmed to ea. 50". 
The exothermic reaction mas gentle and the end mas marked 
by disappearance of yellow color and cessation of efferves- 
cence. The bases were recovered with ether and converted 
to the quat'ernary salt8s (111) by addition of the benzyl halide 
t o  either an acetone or ether solution of the base. 

1 -p-Methox ybenz yl-l,4-dinzethyl-l,2,5,(i-tetrahydropyrirlin- 
ium (IIIb) chloride. A mixture of 12 g. 10.05 mole) of y-  
picoline methiodide, 100 ml. of N sodium hydroxide, and 2 
g. of sodium borohydride was stirred (temperat,ure rose to 
54" during 15 min.) for 3 hr. Sodium chloride mas added and 
the mixture was extract,ed thrice Kith et,hcr. Drying (sodium 
sulfate) and distillation of the ether a t  atmospheric pressure 
gave a quantitative yield of apparently stable I l b  which, in 
25-30 ml. of acetone, was treated with 9 g. (slight excess) of 
p-methoxybenzyl chloride. After 1 hr. a t  room temperature 
and 2-3 hr. a t  -5" the crystalline chloride I I Ib  was ob- 
tained in a yield of 11 g. (82% from Ib) and v ~ a s  purified 
from absolute ethanol-ether. Hygroscopic, i t  TV:M dried a t  
60"/50 mm. prior to analysis; m.p. 181-182". 

Anal. Calcd. for ClsHzzCINO: C, 67.27; €1, 8.28. Found: 
C, 67.36; H, 8.37. 

1 -Benzyl-I ,3,4-trinzethyl-l ,2,5,6-tetrahl/clropyridiniun7, bro- 
m ide  ( I I Ia) ,  obtained in 737, yield from IC was purified from 
acetone-alcohol, 1n.p. 206-208". 

Anal. Calcd. for CljHz2BrX: C, 69.81; I%, 7.49. Found: 
60.61; H, 7.43. 

1 -p-ilfethox yhenzyl-1 ,3,4-trinzethz~l-l ,d, j~F-tefrahydropyri-  
d in iu in  chloride (IIIc) \vas obtained from IC in 61 % yield. 
It crystallized from acetone containing a lit,tlc nbsolntc 
alcohol in rods of m.p. 169-l7l0. The somewhat hygroscopic 
mat'erial was dried a t  60°/40 mm. for analysis. 

Anal. Calcd. for C,J-124ClSO: C, 68.20; H, 8.68. Found: 
C, 68.09: €1, 8.86. 

The iodide TTB,S obtained by adding K I  to an aqueous 
solution of the chloride. Purified from alcohol it melted a t  

Anal. Calcd. for C&JSO: C, 51.48; H, 6.48. Found: 
C, 51.28; H, 6.47. 

1 -p-.~fethoxybenzyl-1-methyl-3,~-daethzjl-l,b,6,~-tetrahyrlro- 
p y r i d i n i u m  chloride (IIId),  obtained in 39% yield from Id, 
was purified from acetone and melted a t  157-160'. The hy- 
groscopic cryptals were dried a t  78", high vacuum, prior t o  
analysis. 

Anal. Calcd. for C&,ClNO.1/2 H20 :  C, 67.77; Il> 9.16. 
Found: C, 68.06; IT, 9.40. 

After drying a t  135' in high vacuum the nTeight loss was 
2.94% (czlcd. for 1/2 HZO, 2.820/'0). 
%*Anal. Calcd. for C18H28ClK0: C, 69.70; H, 9.11. Found: 
C, 70.04; H, 9.38. 

175-178 '. 
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The 2-benzgl-1,2,j,6-tetrahydropyridines (IV) were pre- 
pared by the addition of excess 0.9X pheiiyllithium in ether 
t o  the quaternary salts (111). The react>ion was exothermic 
arid a t  its completion (2-4 hr., stirring) the mixture v a s  
dtxcomposed ivith ice and the product recovered by drying 
and evaporation of t,he ethereal layer. 

2-Benzyl-1 ,S,/,-tri?nethyl-1,2,j,6-tetrahydrop yridine ( IVa) 
is an oil. I ts  picrate was isoht,ed in 13% yield (9.57c from 
I r )  and \vas purified from alcohol. It proved identical with 
the conipound (45%, from IC) isolated in the Grewe synthesis 
(not charxterized in previous publication2), m.p. 127-129”. 

dnal .  Calcd. for C21H24K407: C, 56.75; €1, 5.44. Found: 
C .  56.85; H, 5.45. 

2-p-Il.lethoxybenzyl-i,g,~-trimethyl-~ ,2,5,6-tetrahydropyri- 
dine (IT’c) is an oil. Its picrate was obtained in 38% yield 
(23% from Ir). Purified from alcohol it melted a t  168-174”. 

Anal. Calcd. for (!BZH26N408: C, 55.69; H, 5.52. Found: 
C, 55.92; €I, 5.40. 

2-p-iWethoxybenzy1-1 ,4-dimethyl-iJ1,6,6-tetrahydropyridine 
(11%) wits  a consthuent, of an oil obtained from 9 g. of the 
rhloride IIIb. The base was distilled a t  95-105O/O.l mm., 
weighed 7.4 g., and was subjected t,o ring closure. 

2-p-Methoxgbenz yl-i-methyl-d,~-cliethyZ-l,l,6,6-tetrahydro- 
pyridine (IVd) was part of a mixt,ure. Six grams of chloride 
l I Id  yielded after rearrangement 5.4 g. of evapora.tively 
distilled oil (0.07 mm., bath at 150-175”) which was used in 
the ring closure. 

The henzomorphans were prepared by ring closure of IV 
with 48% hydrobromic acid using the published procedure286 
arid were identified by melting points, mixed melt’ing points, 
and infrared spect,rograms. 

6,6,g-’r~irrcethyl-6,7-benaomorphan (Va) hydrochloride. 
Yield from IC, this work, 6.5tZ: yield from Grewe synthesis.2 
2070. 

2’-Hyclrc1xy-b,6,~-trimethyl-6,Y-benromorphun (Vc). Yield 
from Ir, this ~ ~ o r l i ,  18y0; yield from Grewe synthesis, 2570.8 

2‘-llyclroxy-2,5-dznzethyl-6,7-benzomorphan (Vb). Yield 
from Ib, this work, 25(z: yield from Grewe synthesis, 5%.7 

~‘-Iiydroxy-2-1iaethy1-5,9-dieth~l-6,7-benzomorphan (Vd). 
Yield ‘rroni Id, this work, 117c; yield from G r e m  synthesis, 
layc b 

Ilclnowledgment. The authors are indebted to  
Rlr. R. B. Bradley and to  Dr. E. D. Becker of this 
Institute for the NMR dala. 
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Reaction of Pr0pene-1-C~~ with 
Maleic Anhydride 

The similarity between these reactions 
and the familiar Diels-Alder condensation involring 
a diene is obviouq. Howcver, it is liliewihe apparent 
that it is impossible to  draw a rigid analogy betmen 
the reaction mechaiiisni of mono-olefins and those 
postulated for dienesS5 The localization of the double 
bond, the lack of secondary bonding electrons, and 
the transfer of hydrogen during the course of thr 
reactions are significant differences which must be 
considered in the case of mono-olefins. 

Although the first investigators assumed these 
reactions were examples of addition of an acidic 
hydrogen across a double bonda2Z3 i t  has later bee11 
shown that for many unsymmetrical mono-olefins 
of the type RlR2CH--CRJ=C R4R5, the reaction 
proceeds with migration of the double hond as 
illustrated below. 

This bond migration has been variously attrib- 
uted to an initial formation of a rearranging ionic or 
free radical intermediate of the olefin which then 
reacts in its more stable form,2 and to a cyclic six- 
membered transition state involving a concerted 
mechanism.6-8 

For those symmetrical olefins which have been 
studied (e.g., propene, isobutylene, 2-pentene, 
cyclopentene, and cyclohexene), the product which 
would be obtained by the “direct” mechanism6 
without migration of the bond, and that obtained 
by the “indirect” mechanism with migration are 
identical. Consequently studies of the structure of 
the product do not aid in elucidating the mechanistic 
route of the reaction. 

When ~ r o p e n e - 1 - C ~ ~  was condensed with maleic 
anhydride and the adduct (I) saponified, allyl- 
succinic acid (11) ’vvas obtained with an activity 
of 5.48 =I= 0.01 mc.,/mole. Ozonolysis of this product 
followed by oxidation yielded 3-carboxyglutaric 
acid (111) of activity 5.45 f 0.01 mc./mole. 

These results confirm the migration of the double 
bond, The lack of scrambling in the adduct is in 
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In  conjunction with a study involving labeled 
propene , pr0pene-1-C~~ was condensed with maleic 
anhydride. Reactions of this nature between mono- 
olefins and dienophiles have been known for some 
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