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19-Nordihydrotestosterone .a-The rotatory dispersion has been described previously.16 The moments were 
curve was determined in methanol ( c  0.018) a t  25O, “max.” calculated by essentially the method of Halverstadt and 
[ala? + l l O l ” ,  “min.” [ a ] ~ , ~  7928” .  K ~ m l e r , ~ l  utilizing an IBM 650 computer programmed 

Dipole Moments.-The dipole moments of the various as described earlier.‘* Because of the high molecular 
ketones were run a t  25’ in benzene solution, and the data weights of the compounds, an attempt was made to account 
are given in Table V. The dipole moment apparatus approximately for atomic polarization by taking P, + P, = 

1.10 MD where the latter was found from the table of Vogel.“ 
(39) The authors are indebted to Dr. A. Bowers, Syntex, for a 

sample of this material. The rotatory dispersion curve was measured 
by L. Tushaus and J. Maul using the previously described40 instrument. 
(40) C. Djerassi, E. W. Foltz and A. E. Lippman, J. A m .  Chem. Soc., 

77, 4354 (1955). 

(41) I. F. Halverstadt and W. D. Kumler, ibid. ,  64, 2988 (1942). 
(42) N. L. Allinger and J. Allinger, J .  Org. Chcm., 24, 1613 (1959). 
(43) A. I. Vogel, W. T.  Cresswell, G. J. Jeffrey and J. Leicester, 

Chemistry 6’ Industry ,  358 (1950). 
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Neighboring Group Reactions. VI. Reactions of 
3-(~-Haloalkyl)-3-phenyl-2-benzofuranones with Secondary Amines. Trapped 

Tetrahedral Intermediates in a Carbonyl Addition Reaction’ 
BY H. E. ZAUGG, F. E. CHADDE AND R. J. MICHAELS 

RECEIVED A P R n  5,  1962 

The reactions of a series of w-bromoalkylbenzofuranones I ( n  = 0-4) with morpholine are described. The first and 
last two members of the homologous series ( I ;  n = 0, 3, 4) merely undergo direct displacement to give I V  (n = 0, 3, 4). 
The bromomethyl homolog ( n  = 1) reacts exclusively with rearrangement to produce the amide 111; and the bromoethyl 
derivative ( n  = 2) 5 ields mainly ( >9070) the trapped tetrahedral intermediate V. A more detailed study of the last reac- 
tion is reported. Although solvents of low polarity exert little influence on its course (sp2 attack), dimethylformamide and 
dimethyl sulfoxide alter i t  completely. Then, the sole product IV (n = 2)  arises from direct sp3 displacement of the bromine 
atom, Other secondary amines, alone or in non-polar media, likewise give correiponding ortho amides of type VII; but with 
increasing basicity of the amine larger quantities of the rearranged amide VI are produced a t  the expense of VII. Possible 
mechanisms for these reactions are discussed. The structure VI1 assigned to these products is documented spectroscopically 
(infrared, ultraviolet and n.m.r.) and chemically. Ortho amides VI1 are extremely stable bases of widely divergent base 
strength (spectrophotometrically determined), but each one is less b sic than the amine from which i t  is derived. Protona- 
tion occurs on the phenyl oxygen atom, rather than on nitrogen, to give the cyclic quaternary imidate salt VI11 as the 
more reactive acid form. On the other hand, quaternization with methyl iodide of the pyrrolidine ortho amide VI1 occurs 
on nitrogen t o  give XIV. 

Previous papers2 have described the base-cata- 
lyzed rearrangement of the three homologous benzo- 
furanones I to the corresponding methyl esters 
11. 

C6H5 ChH, 

I / -  1 2. 3) I I ( n =  1 , 2 ,  3) 

With rnctlioxide ion in niethanol, the first two 
nieinbers of this series reacted with extreme 
rapidity (titration conditions). The third member 
(n = 3) rearranged more slowly but no less com- 
pletely (97% yield). In  the presence of a weak 
base (sodium acetate or triethylamine) in refluxing 
methanol, rearrangement was restricted to the 
first two members (n = 1,2), and lengthening the 
chain further (n = 4) exceeded the steric require- 
ments of the reaction so that no rearrangement 
occurred under any conditions. 

All of these reactions clearly proceed through 
primary attack of the carbonyl carbon atom by a 
nucleophilic oxygen atom. Naturally i t  was of 
interest to find out what would happen to these 
bromides in the presence of nitrogen nucleophiles. 
This paper reports the outcome of such investiga- 
tions with secondary amines. 

(1) Paper V,  H. E. Zaugg and R.  J. Michaels, Tefrahedron, 18,893- 

(2) (a) H. E. Zaugg, R. W. DeNet and R.  J. Michaels, J .  Org. Chcm., 
901 (1962). 

26, 4821 (1961); (h) 86, 4828 (1961). 

Results 
In ordcr to cx;unine the effect of cliaiii lciigth 011 

the reaction course, each of the five lioniologous 
bromides I (n = 0-4) was dissolved in excess 
morpholine and allowed to stand a t  room tempera- 
ture for several days. Results are summarized 
as 

CfiH8 
I v 

6 
v 

Reactions of all but the bromoethyl derivative 
(n. = 2) can be disposed of briefly. With the bromo 
methyl derivative (n = 1) rearrangement occurred 
exclusively and the amide I11 was the only product 



4568 H. E. ZAUGG, F. E. CHADDE AND R. J. ~IICIIAELS Vol. 84 

TABLE I 
R E A C T I O N n  OF 3 - ( ~ - B R O h r O E T H Y L ) - 3 - P ~ ~ E N Y L - 2 - B E S Z O F U R A T O S E  WITH S E C O S D A R Y  -1MISES 

I ( E  = 2 )  + RzXH + Y l I  + VI 
Yield yie15 

A<'ll<'l . ,  of of l m n X  I 

VII,b K p . ,  Carbon, % Hydrogen, Nitrogen, 56 VI ,  S1.p.. c=o 
RINH % O C  . Furmula Calcd. Found Calcd. Found Calcd Found qo O C .  Li 

Morpholine 92 113-114 Cx,HzlSOaC 74.28 i 4 . 4 7  6 .55 6 .61  4 .33  4 . 4 7  4d 127-1W f j  15 
Piperidine 31 137-138 CzlHziSOa 78.47 78.16 7.21 7.26 4 .36  4.30 27 106-10ii k l 5  
Pyrrolidine 3 ( ~  123-124" CmH21X02 78.11 78.29 6.89 6.8.5 4.G6 4,5:1 38 l!I4-l0Zh fi.12''" 
Diethylamine .in 71-72 CzoH?3SO? 77.63  77.80 7.50 7.69 4.33 4 .40  . 
Piperazine' XI 1X-1.53 C20HLPSz0? 71.16 74.07 6 . 8 9  7.03 8 69 8 ,35  . I' 

1-Methylpiperaziiie 23 104-107 C~1H24A-202' 74.97 74.89 7.19 i. 32 8 . 3 3  8 .29  . . I n  

These compounds are completely transparent to  infrared radiation in the range ,3.Li t o  
6.25 G, c Calcd.: 0, 14.84, Found: 0 ,  14.86. Estimated from the intensity of amide absorption in the infrared spec- 
trum of the neutral fraction. Anal. Calcd. for C ? O H ~ I X O ~ :  C, 74.28; H, 6.L55; S, 4.3Y. Found: C, 74.16; I%, 6.38: 
S, 4.29. f Anal. Calcd. for C ~ ~ H : ; I S O ~ :  C, i8.47; H, 7.21; N, 4.36. Found: C, 78.19; H, Y24; S, 4.36. The 60 
megacycle n.m.r. spectrum in carbon tetrachloride solution is (chemical shifts in C.P.S. from tetramethylsilane with relative 
integrated areas, assuming 9 arnniatic protons, in parentheses): [85.7 (4.04)], [143.3, 171.4, 154.0 (5.95)],  1213.0, 23Cl.4 
j 1.95)], [408.7, 429.8 (9,00)], i, Anal. Calcd. for C20Hz1NO?: C, 78.14; H, 6.89; N, 4.56. Found: C, 78.14; 11, ( i .S! j ;  
S, 4.44. 3 I < ( , -  
action was conducted in benzene solution for 2 u-eeks a t  room temperature. A 14Yc yield of the lactone IX  was olitaiiicil. 

Calcd.: 0, 9.51. Found: 0, 9.43. The neutral fraction was not examined for product. In carbvn tctrachloride. 

- -  

According to  procedure 2 ,  

Ko amide could be isolated from neutral fraction; instead, a 22c;', yield of the lactone I S 4  was obtained. 

isolated (81cG In  contrast, the three 
extreme members of the series (n = 0,3,4 under- 
went simple halogen displacement to give the cor- 
responding benzofuranone derivatives IV  in yields 
ranging from '76% (n  = 0) to 8.5% (n = 3,4). 
No products of rearrangement could be detected. 
Structural assignments for both 111 and IV were 
facilitated by characteristic carbonyl absorption 
in the infrared ( 5 . 5 4 ~  for the lactone carbonyl of 
IV) and, in two instances (111 and IY, n = 3), by 
the easy availability of independently synthesized 
samples. 

The main product obtained (9@ yield) from the 
bromoethyl homolog I (n  = 2)  was a weakly basic 
substance showing no carbonyl absorption in 
the infrared and possessing the unusual ortho amide 
structure 17. Infrared examination of neutral 
residues indicated the presence of only small 
amounts of the rearranged amide V I  (NR? = inor- 
pholino) and of the lactone IX,  probably derived 
irom lij-tlrolysis of the ortho amide during its 
isol:r.tion. 

This reaction of the broilloethyl derivative I 
in = 2 )  was extended to other secondary amines 
with variable results. These are summarized in 
Table I. In  excess piperidine or pyrrolidine in- 
creased amounts of rearranged amide VI were 
foriiied a t  the expense of the ortho amide V11. 
In  diethylamine, piperazine and 1 -methylpipera- 
zine, no formation of rearranged amide VI was 
detectable, but lower yields of the ortho amides 
1-11 were obtained, presumably because of their 

( 3 )  U hen the  reaction was conducted in dimethyl sulfoxide as sol 
vcnt a 99% yield of I11 was secured. 
the amide corresponding to I l l  in comparable yield. 

and F.  E. Chadde, .I. Org. Chrm., 26, 4753 (1961). 

N-Afethplpiperazine also gave 

(4) H. E. Zaugg, R. W. De?iet, R.  J. Afichaels, W H. Washburn 

lower hydrolytic stability : their neutral residues 
consisted mainly of the lactone IX. 

The bromoethyl homolog I (n =: 2 )  could iiot be 
induced to react with the more weakly basic secontl- 
ary amines, imidazole (pK, 6.92) and cytisine 
ibK, 6.11). nor would i t  react with the strondv 
\l - ,, ", 
basic tertiary amine 1 ,l-diazabicyclo [2.t-'..> ]octane 
(DARCO). 

The capricious nature of the reactions ol the bro- 
moethyl derivative I (n = 2) with secondary amines 
was further revealed by a study of solvent effects. 
These are summarized by the data listed in Table 11 

TABLE I1 
E F I ~ C I  OF SoLvEs? os TIIE KE.A.c . I . I~s~  01; 

IVTTII SECONDARY A~rrsss 
3 - ( 8 - B K o \ l ( ~ E T H Y L ) - : ~ - P H E ~ ~ L - 2 - B E S ~ ~ I ~ ~ ~ A S [ l ~ l ~  

1 o i  = 2 )  + R r S H  --f VI1 + 1'1 

.\iiiiiic'' 

Moi-pholiiie 
hIorplioliiie' 
.\Iurpholine 
.\Iorplidiiie 
Morplioline 
Af orpholine 
Piperidiiie 
Piperidine 
Pyrrolidine 
Pyrrolidine 
Diethylamine 
DiethJ-lainine 

S,,I, C l l t "  

111 wpli~~~iiiie 
Trictliylaiiiiie 
Benzene 
1 ,%Dimelhosyct~i:iiIc 
Dirnetl~~-lformamide 
Dimethyl sulfoxidc 
Piperidiiie 
Benzene' 
Pyrrolidine 
Benzene 
Dieth ylainiuc 
Benzene 

Keac- 
tivn 
time 

(clay,) 

1 
S 

(i 
3 

1 
3 
3 
3 

13 
1 I1 

- 
I 

, 

Except for modificatious iiitlicnlccl in tlie txblc ,  all 
reactions were conducted a t  room tcnigeraturc :rccoi-diiig t o  
procedurc 2 .  Except when otlierwisc iiidieitted, tiso ino1r.c- 
ular equivalciits of the amiue were uied. \.iiltiine\ r i f  
solvent used ranged betwecn 10 and 30 nil. per !).(I1 l l i<J1( '  o f  
I. d A zero J-ield indicates that  iione could he detected hy 
infrared analysis of the neutral fraction. e One niolecular 
equivalent of the amine was used. f 40Tc of I j n  = 2 )  isaq 
recovered. 54C6 of I was recovered. A 9 1 c i  !.ield o f  
I \ -  ( n  = 2)  ii-a. obtained. .I quantitative yield of 11. [ 71 = 
2 )  was formed. Vnder the same coiiditiorii, but f i r  l t i  
d a y  at rooin temperature, tlie chloro aiiiil[ig o f  I [ i i  = 2 )  
gave a 75:; yield of 1-11 aiid a I ? ' ( ;  T-ield o f  1.1, (is',, of I 
(ti = 2 )  17 a i  recowred. 



Dec. 5 ,  196% 3- ( U-HALOALKYL)-~-PHENYL-'~-BENZOFURANON&S WITH h I I N E S  

TABI.E I11 
CYCLIC IXIDATE CHLORIDES VI11 

Amine of the  .M p.. xnax #La -- Carbon. % -- -Hydrogen, %- x"IIc!3 

=NRp function oc .  i.1 c=s, ( i 0 . Z )  Formula Calcd. Found Calcd. Found 

Morpholine 137-138 6. (Ub 4 . 6  C20HaC11Z'Os 66.75 64.70' 6 .16  6 . 0 8  
Piperidine 173-174 5 .98  7.4 C2~Hz~ClXO~ X 4 i  i0 .39  6.77 6.66 
Prrrolidine 183-183 5 . 9 7  10. 6d C2oH2?C1XO2 69.85 69.89 6.45 6.46 
Diethylamine 183-184 6.00 8 . 4  C ~ ~ H Z ~ C I S O ?  69 .35  68.99 6 .99  7.00 

4569 

-Nitrogen, 7- 
Calcd. Found 

3 89 3 86 
3 .92  3 83 
4 07 4 18 
4 05 3 96 

a In aqueous alcoholic solution (28.57, ethanol, v /v.) a t  26 =t 1' b In  Sujol  suspension. Repeated analyses on inany 
d Potentiometric titration m4th 0.1 N methan- different samples invariably and unaccountably, gave low values for carbon. 

olic potassium hydroxide in various pyridine-water mixtures followed by extrapolation to  1007, water gave pK,H20 10 75. 

Dilution of the amines by non-polar solvents 
retarded the over-all reaction rate (Table 11; com- 
pare reaction in morpholine alone with that in tri- 
ethylamine and in 1 &dimethoxyethane) but ex- 
erted little effect on the relative amounts of rear- 
ranged amide 1'1 and ortho amide VI1 that  were 
produced. In marked contrast, however, was the 
effect of the polar solvents dimethylforrnamide and 
dimethyl sulfoxide. In  these media neither rear- 
ranged amide VI nor ortho amide V were formed 
in the reaction with morpholine. Instead, the 
morpholinoethylbenzofuranone I V (n = 2 ) ,  formed 
by direct halogen displacement, was the sole 
product (>goyo yields).5 

The effect of changing the halogen atom on the 
course of these reactions was insignificant. Thus, 
treatment of 3-(,B-chloroethyl)-3-phenyl-2-benzo- 
furanone with excess niorpholine or pyrrolidine or 
with piperidine in benzene led to essentially the 
same yields of rearranged amide VI and ortho 
amide VI1 as were obtained from its bromo analog 
I (77 = 2 )  under the same conditions. 

In  an experiment designed to gauge the competi- 
tive efficiency of the morpholine reaction, the 
broriioethyl derivative I (n  = 2 )  was allowed to  
react with a mixture of equimolar quantities of 
morpholine and methanol. The ortho amide V was 
produced in only li? yield. The main product 
was the methyl ester I1 (72 = 2 ;  Slyo yield) formed 
as a consequence of preferential nucleophilic attack 
by ~nethanol . '~  

Properties of the Ortho Amides VI1.-In their 
basic form, these conipounds are all characterized 
by corvplete transparency in the carbonyl region of 
their infrared spectra. .ldded to this fact, their 
mode of preparation, the agreement of  their ele- 
mental analyses, the conipatibility of the n.ni.r. 
spectrum o f  the pyrrolidine derivative (Table I, 
footnote ,q) and their hasic properties, all support 
the assigned structure ITI. Becausc only one form 
is ever isolated under reaction conditious that can 
only be classed as energetically mild, they are 
written with the five-niemhered rings in the cis- 
fused configuration.6 

'They 
exist as crystalline solids that melt sharply without 
deconiposition. They can be heated for long periods 

These ortho amides are surprisingly inert. 

( 5 )  The possible intermediacy of V in this process was ruled out  by 
the observation tha t ,  at yooin  temaevalui'e, V is quite inert t o  t h e  
action of morpholine plus morpholine hydrobromide in dimethyl sulf- 
oxide solution. 

(6) Although systems containing two five-membered rings fused 
trans t o  each other are known in the  carbocyclic series, they  are ener- 
getically decidedly unstable relative t o  their cis-fused isomers.' 

(7) (a) R. P. Linstead and E. M. Meade, J .  Chem. Soc., 935 (1934); 
(b) A. H. Cook and R. P. Linstead, ibid., 946 (1934); (c) R. Gran- 
ger, P.  S a u  and J. S a u ,  Bdl .  POC. chim.  France, [ 5 ]  27, 1350 (1960). 

in neutral hydroxylic solvents without solvolyzing ; 
and they do not undergo exchange reactions with 
secondary amines8 

Although quaternization of the morpholine and 
piperidine derivatives of the ortho amide VI1 with 
methyl iodide could not be effected, the less 
hindered pyrrolidine analog gave a poor yield (2970) 
of the desired salt XIV. 

I h- CH, 

XIV 
Protonation, however, occurs predominantly 

on oxygen rather than nitrogen to  give the phenolic 
cyclic quaternary imidate chlorides VIII. Four 
of these salts have been isolated in fairly pure 

t 
HCI 

OH - VI1 * 

I 

VI11 
forin by treating the corresponding bases 5'11 with 
ethereal hydrogen chloride. Data pertaining to 
them are listed in Table 111. 

Properties of the Cyclic Quaternary Imidate 
Chlorides (VIII) .--nest evidence for the structure 
assigned to these compounds derives froni their 
infrared aiirl ultraviolet spectra. U7ithout excel)- 
tion they absorb strongly in the ( i . 0 ~  regiuii. This 
is entirely consistent with the presence of :t carboii 
nitrogen double bond of an imino-ether.!' ,llthough 
both the ortho amide bases VI1 anti their salts 
1'111 absorb in the ultraviolet a t  a peak of 27s 1 1 1 ~  
the absorbance of the latter is significantly lower. 
Of the three likely basic centers in the ortho airiidc 
VII, the phenolic oxygen is the only one which, 
on protonation, should greatly influence the ultra- 
violet absorption of one of the aromatic rings. 

( 8 )  Refluxing cithcr the rnorpholine derivativ? in pipwidinc o r  thc 
piperidine derivative in morpholine for 24 hours led, in each case, L c r  
complete recovery of the original adduct.  

(9) Compare, A. I. hleyers, J .  Org .  Chri?i , 26, 218 (1961) and D. H. 
R .  Barton, J. M. Beaton, L. E. Geller and 51. M. Pechet, J .  A m .  Chein 
Soc., 89, 2640 (1960). T h e  nearest analog, reported by N. J .  Leonard 
and W. K. Musker, ibid., p. 5148, appears t o  be the  salt i. A%?' 5.98 p .  

i 
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Indeed, the reversible change in the 278 mK 
absorbance between VI1 and VI11 is sufficiently 
large to enable measurementlo of the equilibrium 
constant with moderate precision (see pK, values 
in Table III).11,12 It is interesting to note that, 
although the PKa’s of the imidate salts VI11 are 
all smaller than those of the amines from which 
they are derived, they are not uniformly diminished. 
The range of the former (4.6 to 10.6) is twice that 
of the latter (8.4 to 11.3). 

Compared to the ortho amide bases VII, the 
imidate salts VI11 are quite reactive. Although, 
a t  the necessary low p H ,  the morpholine derivative 
of VI11 dissolves in water to form a clear solution, 
stable for several hours a t  room temperature, it  
eventually deposits the neutral hydrolysis product 
IX. As expected, this process is greatly ac- 
celerated a t  elevated temperatures. (In contrast, 
the less acidic pyrrolidine derivative of VI11 forms 
a water solution which is stable indefinitely a t  room 
temperature.) Heating the morpholine ortho amide 
V (or its corresponding salt) in concentrated hy- 
drobromic or hydrochloric acid in acetic acid leads 
to excellent yields of the bromoethylbenzofuranone 
I (n = 2) or, respectively, its chloro analog. 

Further evidence consistent with the assignment 
of structure VI11 derives from two reactions 
involving nucleophilic attack a t  the ether-methyl- 
ene carbon atom of the imidate salts. Methanoly- 
sis of the morpholine iinidate salt VI11 led to the 
methyl ether X in 33o/c yield; and refluxing the 
piperidine ortho amide VI1 in morpholine i n  the 
presence of morpholine hydrobromide gave the 
iiiorpholinoethylbenzofuranone IV (n = 2 ) ,  in 
a 78y0 yield. (From the inorpholiiie ortho aniide 
V, an 87yo yield was secured.) 

4. ’I 
VI11 H 

f?+ 
Cj-NHI ( ‘1- 

Discussion 
’The lioiiiologous series of bromobcnzofur~Liioiies 

I (n = 0-4) provides, in effect, a complete spectrum 
(10) Compare H. C. Brown and X. R. hfihm, J .  A m .  Chem. Soc.. 77, 

1723 (1955). 
(11) Protonation of the  aliphatic oxygen atom would lead t o  a cyclic 

imidate salt, isomeric with V I l I .  Unpublished work in this Labora- 
tory has shown tha t  the  carbon-nitrogen double bond in this isomeric 
system absorbs in the  5.8 p region. The  observed absorption in the 
6.0 p region for V l I I  therefore provides additional evidence against 
protonation of the  aliphatic oxygen. 

(12) The  observed lack of any normal hydroxyl absorption in either 
t h e  near (1.45 p )  or middle (2.7-2.9 p )  infrared spectra of the imidare 
salts VI11 was initially disturbing. However, the n.m.r. spectrum 
(60 Mc., 10% in CDCla) of the pyrrolidine derivative of V l l I  shows a 
single proton peak a t  666.5 C.P.S. (relative t o  tetramethylsilane) (6 = 
11.1 p.p.m.;  r - -1.1) consistent with a strongly bonded phenolic 
hydroxyl group.” Furthermore, this peak disappeared instantly 
when 2-3% of DzO was added t o  the  CDCla solution. 

(13) L. h1 Jackman, “Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry,” Pergamon Press, New York. N. 
Y., 1959, p. 71. 

of halogen reactivity. Activated by a t  least one 
phenyl as well as by the lactonic carbonyl group, 
the bromine atom of the lowest homolog (I, n = 
0) is directly displaced by amines with extreme 
ease.14 By contrast, the bromine atom of the next 
homolog I (n = 1) undergoes no direct displacement. 
As a consequence of its neopentyl configuration its 
reactions with amines are restricted to indirect 
intramolecular displacenients ( ; .e . ,  I --t 111). In  
the case of the bromoethylbenzoiuranone I (n = 
2) a similar steric hindrance factor may operate, 
but in diminished degree. Such a borderline 
steric effect can account for the observed ability 
of this compound to react in three different ways, 
only one of which involves direct halogen dis- 
placement. As the halogen side chain is lengthened 
still more (I; n = 3, 4), neighboring group effects 
disappear and the bromine atom once again, as 
with the lowest homolog (n  = O), undergoes, 
exclusively, direct displacement with amines, but 
this time, undoubtedly, through an S N ~  process. 

The Ortho Amides VI1.-Although substances 
possessing a nitrogen and two oxygen atoms at- 
tached to a single tetrahedral carbon atom often 
have been postulated as unstable reaction inter- 
mediates, few examples of their isolation are known. 
Tetrahedral intermediates of this type have been 
proposed for the reaction of Grignard reagents with 
N-substituted 2-oxazolido1ies,~~ for the reaction 
of ketene acetals arid orthoesters with 
for the arinolysis of esters and solvolysis of 
amides,I7 and even for the active site of a hydrolytic 
enzyme. 

Their actual isolation has only recently been 
described. Meerwein and ~o-workers’~ prepared 
mixed orthoester amides by successive treatment 
of N,N-disubstituted amides with triethyloxoniuni 
fluoborate and sodium ethoxide 

iZ I’ R 
I [ ‘  CJIaO-eS( CII3)2 BI.4- -+ ( C ~ I ~ , O ) ~ C K ( C I I J ) I  

Although thernidly stable, the) readily underwent 
a wide variety of rcactioiis with nucleophilic 
substances, including facile exchange with second- 
ary amines. More recently, Taguclii and Kawa- 
7oe.*O incidental to other work, were able to prc- 
p x e  two geonictric isoiiitrs of the tctrxyclic 
coinpound XI. Coiiipared to Ncerwein’s acyclic 

GH5 
XI 

(14) G. Cramer, Be?., 31, 2813 (18‘38), has sliown tha t  this coniIioun0 
(I, n - 0) solvolyzes completely in only 80 minutes in refluxinc 
ethanol. IJndoubtedly, the  bromine atom undergoes displacement 
primarily through an SNi  process. 

(15) G. Fodor, Exper ient in ,  11, 129 (IWG). 
(16) S. M. McElvain and B. E. ‘rate, J .  A m  Chem. Soc.. 67, 202 

(1948) 
(17) M. L. Bcndcr, Chem. Reus., 60 ,  53 (1960). 
(18) S. A. Bernhard, in “Rates and Mechanisms of Reactions,” 

Par t  I, Editors: S. L. Friess, E. S. Lewis and A. Weissberger, Inter- 
science Publishers, Inc. ,  Kew York, N. Y., 1961, p 625. 

(19) H. Meerwein, W. Florian, H. Schon and G. Stopp, A n n . ,  641, 1 
(1961). 
(20) T. Taguchi and Y. Kawazoe, J .  Org.  Chem.,  26, 2699 (1961). 
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analogs, these derivatives were relatively inert. 
However, quaternization on the nitrogen could 
be accomplished with methyl iodide, and mineral 
acid treatment resulted in protonation on oxygen 
(as with VII). 

The observed inability of the ortho amides VI1 
to undergo exchange with secondary amines 
(by contrast to Meerwein's acyclic analogs) and 
their reluctance to form quaternary ammonium 
salts (in contrast to XI)  can be ascribed to their 
particular geometry. Assuming that inversion 
must accompany exchange, such a process in- 
volving VI1 would necessarily lead to the high 
energy isomer containing trans-fused five-membered 
rings.'j As regards quaternization, examination 
of a space-filling model of VI1 reveals that, in the 
required cis configuration of the two fusion atom 
substituents, the lone pair orbital on nitrogen is 
necessarily pointed toward the phenyl ring, render- 
ing it relatively inaccessible (compared to the 
situation in XI) to attack by an electrophilic 
agent. 

Although insufficient data are available to 
allow the assignment of a single mechanistic 
scheme to the formation of the ortho amides VII, 
the number of possibilities can be soniewhat 
restricted by what is known. Despite the exist- 
ence of good precedentz1 for the intermediacy of 
the carboxonium ion XI1 in the formation of the 
ortho amides, i t  can safely be ruled out for theo- 
retical and experimental reasons already enu- 
merated. 

XI1 

A more credible niechanisiii involves reversible 
attack of the carbonyl carbon atom by amine to 
give A and/or B. The negatively charged oxygen 
atom of A or 13 then (or concertedly) displaces 

I ( n = 2 )  + RzNH 

ti 
t I 1 

A 

-H+ 
G==z 

B 

(21) (a) S. Winstein and E. Grunwald, J .  A m .  Chem. SOC., 7 0 ,  828 
(11148); (b) H. Meerwein, K .  Bodenbenner, P Borner, F .  Kunert and 
K .  Wunderlich, Ann. ,  632, 38 (1960); (c) G. Baddeley, E. K.  Baylis, 
B. G. Heaton and J. W. Rasburn, Proc. Chem. Soc., 451 (19fi1). 

bromide ion intramolecularly and irreversibly 
to give the ortho amide VII.22 The processes and 
the timing of proton transfers involving these 
tetrahedral intermediates cannot be specified. 
However, i t  is reasonable to assume that, in the 
formation of the ortho amide VII, the tetrahedral 
structure of A or B must remain intact during the 
bromide displacement step. Any process leading 
to the expulsion of the phenolic oxygen atom before 
bromide ion is displaced (;.e., A+C i2 D or B-D) 
would favor the competitive production of rear- 
ranged amide VI. In  view of the complex equi- 

r OH 1 

C 

n- 1 

V I  

libria involved in this system, i t  is not surprising 
that observed product formation (;.e., VI, VI1 
or IV) is so sensitive to changes in reagent and 
reaction conditions (solvent and temperature). 

In this connection there seems to be a parallel 
between these reactions and some interesting ob- 
servations of Joulli6 and Day.26 They found that 
aminolysis of ethyl trichloro- and trifluoroacetates 
with primary amines led to the expected amides, 
but with secondary amines haloform cleavage 
and N,N-disubstituted urethans resulted. They 
explained these findings in terms of a generally 

greater acidity of the N-H bond of the tetrn- 
hedral intermediates derived from primary amines 
as compared to that in the tetrahedral intermediates 
derived from secondary amines. The consequent 
difference in ease and direction of proton transfers 
was held to account for the marked divergence in 
reaction course. 

The behavior of the broiiioalkylhenzofural70ncs 
I toward primary amines is presently under study. 

Experimentalz7 
4-(2,3-Dihydro-3-phenylbenzofuran-3-carboxy)-niorpho- 

line (111). Procedure l.-3-Bromomcthyl-3-pl1e1iyl-2- 
benzofuranoiie28 (2.4 g., 0.008 mole) was dissolved in mor- 
pholine (20 nil.) at room temperature. The solution warmed 
slightly and morpholine hydrobromide shortly (10-15 min.) 
began to precipitate. After standing for 3 days, the mor- 

(22) Similar indirect nucleophilic displacements of halogen properly 
located with respect to  a carbonyl group are well-known. Thus, 
many a-haloketones with alkoxide and cyanide ion give epoxyetherss* 
and a,,9-oxidonitriles,:4 respectively, while certain y-bromoketones 
yield the corresponding hydrofuran denvatives.u 

(23) C. L. Stevens and A. J. Weinheimer, J .  A m .  Chcm. Soc.. 80. 
4072 (1958), and earlier papers. 

(24) C. F. Koelsch, ibid. ,  66, 306 (1944). 
(25) (a) L. I. Smith and J. R. Holum, ibid., 78, 3417 (1956): (b) 

H. Normant, Compf. rend., 232, 1942 (1951). 
(26) M. M. Joullid and A. R. Day, J .  A m .  Chcm. Soc., 7 6 ,  2990 

(1954). 
(27) Melting points and boiling points are uncorrected. 



4572 H. E. ZAUGG, F. E. CHAUDE AND I<. J. MICHAELS Vol. 84 

plioline hydrobromide (1.3 g., m.p. 210-213") was removed 
by filtration and washed with ether. The filtrate and wash- 
ings were combined and concentrated to dryness under 
water-pump vacuum using a rotating evaporator in conjunc- 
tion with a water-bath held a t  45-50". Trituration of the 
residual oil with dry ethanol followed by one recrystalliza- 
tion of the resulting solid (2.0 g., 8l%, m.p. 142-145') from 
dry ethanol gave pure 111, m.p. 147-148", X ~ ~ ~ ' s  6.11 p. 

Anal. Calcd. for C I ~ H I ~ N O ~ :  C,  73.76; H, 6.19; h-, 
4.53. Found: C, 73.52; H ,  6.36; N, 4.39. 

When the foregoing reaction was conducted in dimethyl 
sulfoxide (50 ml.) solution for 7 days ,  a 9956 yield of 111, 
1n.p. 142-146", was obtained. 

The structure of I11 TYas also confirmed by independently 
synthesizing it from 2,3-dili~-dro-3-pheri~-lbenzofurancar- 
bony1 chloride28 and morpholine. The amide obtained in 
this way m-as identical (m.p., mixed m.p. and infrared 
spectrum) with the product of procedure 1. 

l-Methyl-4-(2,3-dihydro-3-phenylbenzofuran-3-carboxy)- 
piperazine, m.1). l5%15Oo, was prepared by substituting 1- 
inethylpiperazine for morpholine in procedure 1. 

A ~ i d .  Calcd. for CnoII12S202: C, 74.30; 13, fj.87; K, 
S.09. Found: C, 74.77; H, 7.18; S, 8.84. 

3-Morpholino-3-phenyl-2-benzofuranone ( IV;  n = U),- 
l rea tment  of 3-bromo-~-plienyl-2-benzofu~~11011e~~ (I, n = 
0; 6 g., 0.0173 mole) with niorpholine (20 ml . )  according to 
procedure 1 gave IV ( n  = 0; 3.85 g. ,  765% yield), 1ii.p. 133- 
134'from isopropyl alcohol, X:5cI,"'3 5.51 p. 

-Anal. Calcd. for ClaHliSOs: C,  73.20; H,  5.81; S, 
4.75. Found: C, 73.12; H ,  5.83; K,4.66. 

When ~ - ( - ~ - b r ~ ~ 1 i i ~ ~ p r o ~ y l ) - 3 - p h e 1 i y l - ~ - b e r 1 z ~ ~ f u r ~ n o n e ~ ~  ( I ,  
n = 3) was treated with morpholine according to procedure 
1, there was obtained an 857, yield of 3-(-,-morpholinopro- 
pyl)-3-phenyl-2-benzofuranone ( IV,  n = 3), isolated as the 
hydrochloride, 111.p. 239-240', 5.55 p,  n-liich, by mixed 
iii.p., was shown to be identical with an authentic 

Likewise, from 3-(6-bromobutyl)-3-phen~-l-2-benzofuran- 
one ( I ,  n = 4),*a there was obtained,30 in 857, yield, 3-(6- 
morpholinobutyl)-3-phenyl-2-benzofuranone (IV, n = 4),  
111.p. 60-61", X ~ ~ ~ 1 3  5.51 p .  

A n a l .  Calcd. for C22H25S0, :  C ,  75.19; H, 7.17; S, 
3.99. Found: C, 75.35; H, 7.01; S ,  4.03. 

6a-Morpholino-3a-phenyl-2.3,3a,6a-tetrahydro-4,5-benzo- 
furo [2,3-b]furan (V) ,  Procedure 2 .---3-( @-Brornoethyl)-3- 
plrenyl-2-benzofuranone (I, = 2)li  (12.7 g., 0.04 mole) was 
treated (24 hours) with morpholine (50 nil.) according to  pro- 
cedure 1. After the morpholine was removed by evaporation 
from the filtered reaction mixture, the residue was taken up 
in ether (200 ml.) and extracted with two 50-nil. portions of 
icc-cold 6 hydrochloric acid. The chilled combined cx- 
tracts were rendercd alkaline bl- the slow additioii of cold 

sodium hydroxide solution atid the precipitated base 
taken up in a benzene-ether mixture, separated and 

cviicentrated to dryness under reducetl pressurc to  give 
crude 1. (12.0 g., 9 2 5 ,  1ii.p. 105-11O0). Two recrystalliza- 
tions from ethanol gave purc 1' (9.7 g. ,  75%), m.p. 113- 
114O (for microanalytical results, see Table I ) .  

Infrared examination of the neutral fraction (1.0 g.) ob- 
tained after removal of the ether by distillation indicated the 
iiresence o f  the amide 1'1 (NR?  = rnorpholino), X:H2l3 6.16 

ng about a 476 yield, togethrr with 2-(0-hy- 
1-2 -p11eriyl-4-liydroxyb~ityric acid 7 -lactone 

5.74 p,  in ail amount coi-rcipiJnding to  :t 376 
yield. 

Treatment of the bromide I ( n  = 2 )  with several other 
secondary amines under the conditions of procedure 2 gave 
results which are summarized in Table I .  Neither imidazole 
uor cytisine gave any evidence of reacting with I ( n  = 2 )  in 
benzene solution ( 2  weeks at room temperature). I n  each 
r a s e  more than 90yc of the starting inaterial was recovered. 
:\lso, the tertiary amine 1,4-diazabicyclo[2.2.2]oetane 
I DXRCO) failed to  react. 

Substitution of the chloro analog of I ( n  = Z ) ,  3-(p- 
chloroethyl)-3-phenyl-2-benzofura110iie,~~ into procedure 2 
did not affect the course of the reaction appreciably. Thus, 

( 2 8 )  A.  Bistrzycki and J. Flatau, Bar., S O ,  121 (1897). 
( P V )  4 U'. Weston and W. B. Brownell, J .  A m .  Cham. Soc., 74, 653 

(30)  The three reactions involving direct displacement of the bro- 
( 1 9 X ) .  

mine atom to give IV ( 1 2  = 0,  3, 4) were carried o u t  by R. \\:, DeSe t .  

yields of compounds VI1  and VI were, respectively, from 
morpholine 89% and 5% and from pyrrolidine, 2670 and 
60%. 

However, both the over-all rate and ratio of products were 
influenced by changing the solvent. This is illustrated by 
the data summarize3 in Table 11. 

Quaternization of VI1 (NR? = Pyrrolidino). Preparation 
Of xIv.--X solution of VI1 (XR2 = pyrrolidino; 1.0 g. ,  
0.0032 mole) and methyl iodide (1.4 g., 0.01 mole) in chloro- 
form (20 ml.) was refluxed for 48 hours. Removal of solvent 
by distillation gave a viscous oil which was taken up in 2- 
butanone and crystallized by the addition of dry ether. 
Recrystallization from the same solvent pair gave analyti- 
cally pure X I V  (0.40 g., 29% yield), n1.1~. 138-139", in- 
soluble in carbon tetrachloride, soluble in chloroform and 
water; the infrared spectrum exhibited no absorption be- 
tween 3.4 and 6.3 g, and the n.m.r. spectrum (10% in 
CDC13) contained an unsplit three-proton peak a t  r = 6.89 
showing the presence of a methyl attached to a quaternary 
nitrogen atom.31 

-4nnZ. Calcd. far C21H241N02: C, 56.01; H,  5.39; S, 
3.12. Found: C, 56.31; H,  5.26; N, 3.13. 

Similar treatment of the rnorpholine a i i d  piperidine sua- 
logs of VI1  led to predominarit recovery (80-95'jO) of UII-  
changed starting material. 

Cyclic imidate chlorides VI11 were prepared by treating 
dry ethereal or alcoholic solutions of the tetrcthedral inter- 
mediates VI1  with a slight excess of ethereal hydrogen chlo- 
ride and recrystallizing the precipitated salts from ethanol- 
ether mixtures. Data for the four salts prepared are listed 
in Table 111. By treatment of these salts with aqueous alkali 
the corresponding bases 1'11 were easily recovered in good 
yield. 

Spectrophotometric p K ,  Determinations.-These were 
carried out by the method of Brown and Mihm'O using the 
change in absorbance with PH of the 278 m p  maximum in 
water containing 28.57, (v , /v . )  ethanol. Absorbances were 
measured with a Beckman DU spectrophotometer and the 
reversibility of the acid-base equilibrium was checked with a 
Cary recording spectrophotorneter. pH's  of the buffer 
solutions were determined with a Beckman model G Pr-1 
meter. The following molar extinction coelficients ( a t  278 
n i p )  were observed, first in acid solution (0.1 S HCl), then 
in alkaline solution (0.1 .V Sa0l-I) and finally in the bufler of 
given pH: for the inorpholine derivative of VI1  $ 1.111, 
2250, 2820, 2670 i p H  5 .  for the piperidine derivative, 

2360, 2700, 2600 ( p H  1 ;  anti for tlie diethylaiiiirie 
derivative, 2400, 3040, 2 3 0  (pH 8.36). 'The ph', observed 
for the pyrrolidine derivativr ITUS checked potentionietri- 
c d l y  (see Tahle 111, footnote d,. 

Reaction of 3-( &Bromoethyl j-3-phenyl-2-benzofuranone 
! I ,  i r  = 2 )  with Morpholine at  IOO.''-.I mixture of I ( n  

o i l  t h e  steani-b:itli for S hour.: and then worked up according 
t n  procedure 2. .I quaiititntive yi d (11i.p. '77 -84") of h s i c  
material was obtained. Tliis was h teti iii lof,; livtlroclilorir 
acid (50 nil.) for 3 hours oil tlie eam-b'Lth. Thc hydro- 
chloride salt thus obtained was taken up in cliloroforrn arid 
the chloroform was reino\-ed t)>- disti1l:ttiiin. The solid 
residue was trituratetl with dry  ether  and collected a t  the 
filter. Recrystallization from an ethanol -ether inixturc 
gave 4.8 g. (66'7,) of :;-(P-tliorpholinoethyl)-;3-l)Il~llyl-2- 
twizoiuranone (IV, n = 2 )  hydrochloride, m.p. 311--21ci", 
itlcntical (mixed in.p. and iiiirarcd spectrum) with :in aut11c11- 
tic 

Reaction of 3-(~-Bromoethyl)-3-phenyl-2-benzofuranone 
(1, n = 2)  with an Equimolar Mixture of Morpholine and 
Methanol.--% solutiou of I ( n  = 2;  5.0 g., 0.01.58 mole) in 
4.3.5 g. (0.5 mole) of inorpholine and 16.0 g. ('0.3 Inole) of 
dry methanol was allowed to  stand a t  room temperature f o r  
3 days. The reaction was then worked up according to 
procedure 2.  The basic fraction gave 0.9 g. (17%) of crude 
I-, m.p. 90-97", identified by its infrared spectrum, arid thr  
neutral fraction (liquid) gave 8.4 g. (81y0) of inethyl 4- 
phenyl-4-chrornancarboxylate (11, n = 2)  iclentified by its 
infrared spectrumz" and by hydrolysis to the corresponding 
carboxylic acid, m.p. 151-152'.** 

Reactions of the Imidate Salts VIII. A.  Hydrolysis.- 
Compound V (1.62 g., 0.005 mole) was suspended in 0.100 
hydrochloric acid (50 ml., 0.005 mole) and heated to  reflux. 

2310, 3100, 2580 (p1-I 7. ior the 1))-rrolidiue derivative, 

- - ~ - .>: ti.:< g. ,  0.02 niijle) and iilorpliollne (40 1111.) was heated 

(31) Reference 13, p. 36.  
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A clear solution formed within a few minutes, but on further 
heating a solid began to precipitate. After refluxing for 2 
hours the mixture was cooled and the solid was collected a t  
the filter and washed with water. Drying gave 1.2 g. (92%) 
of 2-(o-hydroxyphenyl)-2-ph~nyl-4-hydroxybutyric acid y- 
lactone (IX): m.p. 159-161 , identified by mixed melting 
point and infrared spectrum. 

Similar results were obtained using aqueous sulfuric acid 
instead of hydrochloric acid, and by substituting the diethyl 
amino analog (VII,  R = CzHj) for the morpholino deriva- 
tive in the above procedure. 
B. Reaction with Halogen Acids in Acetic Acid.-Com- 

pound V (3.24 g., 0.01 mag) was refluxed for 6 hours with a 
mixture of glacial acetic acid (15 ml.) and 48% aqueous 
hydrobromic acid (15 ml.). The mixture was then con- 
centrated to a small volume ( - 5  ml:), treated with water 
(50 ml.) and extracted with two portions (50 ml.) of ether, 
which were combined, washed with water and dried over 
anhydrous magnesium sulfate. The original aqueous layer 
was combined with the water washings and concentrated to  
dryness. Trituration of the residue with ethanol, cooling, 
collecting the solid product a t  the filter and washing with 
dry ether gav; 1.61 g. (96%) of morpholine hydrobromide, 
m.p. 210-211 , identified by mixed melting point with an 
authentic sample. Filtration of the dry ethereal extract 
followed by removal of the ether by distillation gave an oil 
(2.92 g., 92y0) that  solidified slowly (m.p. 64-69'). One 
recrystallization from ethanol gave pure 3-(@-bromoethyl)-3- 
phenyl-2-benzofuranone ( I ,  n = 2; 2.30 g , 7370, m.p. 75- 
76 " ) .Zn 

Substitution of concentrated hydrochloric acid for the 
hydrobromic acid in the foregoing procedure led to equally 
good yields of the chloro analog of I ( n  = a), 3-(@-chloro- 
ethyl)-3-phenyl-2-benzofuranone. 32 

C. Methanolysis. Preparation of 3-(&Methoxyethyl)-3- 
phenyl-2-benzofuranone (X) .-When the morpholino deriva- 
tive V, as the base, was refluxed in dry methanol for 54 
hours, 94Tc of i t  was recovered unchanged. However, wheri 
6.9 g. (0.019 mole) of the corresponding imidate salt VI11 
(KRn = morpholino) was refluxed in methanol (100 ml.) for 
18 hours, the methanol removed by distillation, the semi- 
solid residue triturated with dry ether and collected a t  the 
filter, a 7870 yield of morpholine hydrochloride, m.p. 
174-175", was secured. From the neutral solution, upon 
evaporation of the ether, was obtained an oil (4.3 g.) which, 

(32) This procedure has been successfully carried out on a much 
larger scale (>300 g ) .  I t  therefore provides a convenient means of 
obtaining large quantities of pure chloro or bromoethyl derivatives of 
type  I ( n  = 2) .  It was found previously28 tha t  alkylation of the sodio- 
derivative of 3-phenyl-2-benzofuranone proceeded in good yield only 
when the mixed halide 1-bromo-2-chloroethane was used as the  alkylat-  
ing agent in dimethylformamide as solvent. Unfortunately, this led 
t o  an intractable mixture of the two halides in the product. Resolution 
of this mixture is now best carried out by converting i t  to  the morpho- 
line adduct V (procedure 2) followed by heating with the  appropriate 
halogen acid in acetic acid. 

after trituration with hexane, gave 3.5 g. of a solid, 1n.p. 
55-95". Tedious fractional crystallization using pentane, 
hexane, cyclohexane and benzene, alone and in various com- 
binations, separated this mixture into two products, the 
lactone IX (0.2 g., 470), m.p. 158159", identified by in- 
frared s p e ~ t r u m , ~  and 3-( @-metboxyethyl)-3-phenyl-2-benzo- 
furanone (X) (1.7 g., 337,], m.p. 56-58', X%2'."13 5 . 5 5 ~  (C= 
0), identical (mixed m.p. and infrared spectrum) with the 
authentic materia1.I 

Reaction with Morpho1ine.-When the morpholino 
derivative V was refluxed in morpholine for 16 hours, 92% 
D. 

of it was recovered unchanged. Refluxing in piperidine for 
24 hours gave the same result. However, when a salt of the 
amine was added to the refluxing mixture, reaction occurred: 
a mixture of compound V (1.62 g., 0.005 mole), morpholine 
hydrobromide (0.84 g., 0.005 mole) and morpholine (10 ml.) 
was refluxed for 7 hours. The mixture was concentrated to 
dryness, the residue was partitioned between ether ( 7 5  ml.) 
and water (50 ml.) and separated. The ethereal solution was 
extracted with two portions (30 ml.) of 10% hydrochloric 
acid which were combined and rendered alkaline Kith cold 
40y0 sodium hydroxide solution. The liberated oil was taken 
up in ether and recovered in the usual way to give 1.6 g. of 
crude solid, m.p. 93-96'. Recrystallization from ethanol 
gave 1.4 g. (87%) of pure 3-(~-morpholinoethyl)-3-plienyl-2- 
benzofuranone ( I V ,  n = 2), m.p. 95-97', identified by ele- 
mental analysis, infrared spectrum and mixed m.p. with a 
known ~ a m p l e . ~ g  

When the piperidine analog VI1 ( XRz = piperidino) was 
substituted for V in the foregoing procedure the same prod- 
uct I V  (n = 2) was obtained in 787, yield, at first in a meta- 
stable dimorphic form, m.p. 78-81', but on mixing with the 
stable dimorph it, too, melted at 95-97'. Its structure was 
also checked by elemental analysis and infrared spectrum. 

When the above procedure was carried out a t  room tem- 
perature with the addition of enough dimethyl sulfoxide to 
solubilize the morpholine hydrobromide, 94% of V was re- 
covered unchanged after 3 days. Thus, i t  appears that  raised 
temperatures are necessary for appreciably reaction to  occur. 
This also shows that  in the reaction of the bromide I ( n  = 
2)  with morpholine at room temperature to give IV ( n  = 2)  
(in dimethyl sulfoxide or dimethylformamide) compound V 
cannot be an intermediate. 
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