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filtrate yielded 0.3 g. of crude 4-dibenzofurylacetic acid. 
The crude amide was recrystallized from benzene to yield 
1.5 g. (57% yield based on amine) of the pure amide melt
ing at 186-187°. 

Anal. Calcd. for C24H21O6N: N, 3.47. Found: N, 
3.71 and 3.72. 

3,4 - Dimethoxy - a - (4 - dibenzofuroylamino) - aceto-
phenone.—The reaction between 0.1 g. of 4-dibenzo-
furancarboxylic acid chloride and 0.1 g. of 3,4-dimethoxy-
a-aminoacetophenone hydrochloride was carried out by 
the same procedure as that just given. The product was 
recrystallized from ethanol and melted at 178-179°. 

Anal. Calcd. for C23H19O5N: N, 3.71. Found: N, 
3.68. 

Recently it was shown2 that dl-erythro-3-bromo-
2-butanol I is converted into we50-2,3-dibromo-
butane II, and d^/zreo-3-bromo-2-butanol III, is 
converted into d/-2,3-dibromobutane IV, by the 
action of fuming hydrobromic acid, with complete 
retention of configuration.8,4 
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In order to account for this unusual behavior, it 
was assumed that the replacement of the hydroxyl 
group by the bromine atom took place by a 
mechanism involving attack by the bromine atom 
on the adjacent carbon atom of the bromohydrin. 
This bromine atom, simultaneously with the 
removal of the OH2

+ group V (which is formed 
from the OH group and a proton), forms a bond 
with the carbon atom on the face away from the 
OH2

+ group, thus leading to the formation of 
the positively charged cyclic intermediate, VI,6 of 

(1) At present National Research Fellow in Chemistry at Harvard 
University. 

(2) Winstein and Lucas, T H I S JOURNAL, 61, 1576 (1939). 
(3) Only one of the two antipodes of the dj-cotnpounds is shown. 
(4) By retention of configuration in these cases is meant merely 

that an erythro-bromohydrin gives rise to a meso-dibronaide and a 
^reo-bromohydrin to a <2Z-dibromide. Strictly speaking, configura
tion is not retained. 

(5) We propose to call the simplest ion having this structure, 
ethylenebromonium ion. 
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Summary 

Experiments are described concerning the 
preparation and proof of structure of some sub
stituted amines and other derivatives of dibenzo-
furan. The generalizations on orientation pos
tulated previously have been shown to be adequate 
for the predominant products which result from 
polysubstitution of the dibenzofuran nucleus. 
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Roberts and Kimball6 which then reacts with 
bromide ion to produce the two possible di-
bromides VII and VIII. 
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On the basis of this mechanism two inversions 
take place, for the formation of the intermediate, 
VI, is accompanied by an inversion of carbon 
atom Ci, and the reaction of this with bromide 
ion is accompanied by a second inversion. If 
VII is the product, Ci is inverted twice, while if 
VIII is the product Ci and C2 are each inverted 
once. This explains the formation of meso-2,3-
dibromobutane from the ery^o-bromohydrin, 
and of d/-2,3-dibromobutane from the threo-
bromohydrin. In fact, each of the active forms 
of the ^eo-bromohydrin is predicted by this 
mechanism to give cW-2,3-dibromobutane, since 
VII and VIII would be formed in equal amounts. 

It was pointed out that this feature could be 
used as a test for the mechanism by starting 

(6) Roberts and Kimball, T H I S JOURNAL, 69, 947 (1937). 
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with optically active ^reo-bromohydrin III. 
The predicted loss in activity in going from an 
active /Areo-bromohydrin to an inactive di-
bromide may be better understood perhaps by 
noting that the cyclic intermediate IX has the 
internally compensated cis configuration, and 
thus can give rise to only inactive products. 
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It has now been found that both the erythro-
and ife-eo-bromobutanols in the active form give 
rise to inactive dibromides. Moreover, optically 
active acetates of these two bromobutanols also 
give rise to inactive dibromides. The conversion 
was carried out with optically active forms of 
both the erythro- and /Areo-bromohydrins so as 
to make the test of the proposed mechanism free 
of any doubt that might be cast on it by question
ing the assignment of configurations to the 3-
bromo-2-butanols or the 2,3-dibromobutanes. 

Optically active bromobutanols and acetates 
were obtained by partial acetylation of the bromo-
hydrins with acetic anhydride in carbon tetra
chloride containing brucine, according to the 
method which Wegler7 used in other cases. The 
<2/-ery£/zrc>-3-bromo-2-butanol gave rise to a ( + )-
ery//wo-3-bromo-2-butanol and a ( — )-erythro-?>-
acetoxy-2-bromobutane, while the dl-threo-'S-
bromo-2-butanol gave rise to a (-)-threo-'S-
bromo-2-butanol and a (— )-//w-eo-3-acetoxy-2-
bromobutane. The resolution to be expected from 
the method employed is of course quite incomplete. 

TABLE I 
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SUMMARY OF THE OPTICAL ROTATION DATA 

Substance 

3-Brotno-2-butanol 
2-Acetoxy-3 -bromobutane 
2,3-Dibromobutane from 1 
2,3-Dibromobutane from 2 
2,3-Epoxybutane from 1 
3-Bromo-2-butanol 
3-Bromo-2-butanol 
2-Acetoxy-3-bromobutane 
2,3-Dibromobutane from 6 
2,3-Dibromobutaae from 7 
2,3-Dibromobutane from 8 
2,3-Epoxybutane from 7 

Config. 
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The optical rotations of these compounds, as 
well as optical data on the oxides and dibromides, 
are given in Table I. 

To make certain that the optical activity in 
the case of the ( —)-^reo-bromohydrin was not 
due largely to the presence of a quite small amount 
of an optically active erythro isomer, which would 
give optically inactive dibromobutane, some of 
the active erythro- and ^reo-bromohydrins were 
converted to oxides. One would expect active 
ery/fero-3-bromo-2-butanol I to yield an active 
/ra?w-2,3-epoxybutane X1 and active threo-3-
bromo-2-butanol III to yield inactive internally 
compensated CTs-2,3-epoxybutane XI since one 
inversion accompanies the formation of the 
oxide ring.2 
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(7; Wegler, Ann., 506 77 (1933). 

The active bromobutanols behaved as expected 
on conversion to oxides. It was found that the 
trans oxide from (-|-)-ery^0-3-bromo-2-butanol 
has a (+ ) rotation while the cis oxide from 
( — )-//ireo-3-bromo-2-butanol was inactive (Table 
I). Thus, the active //zreo-bromohydrin was not 
contaminated with appreciable amounts of an 
active ery thro-bromohydrin. 

The inactivity of the dibromide from the active 
^reo-3-bromo-2-butanol (Table I) hardly can be 
explained on the basis of a low specific rotation 
for a d- or /-2,3-dibromobutane.8 It seems quite 
unlikely that the rotation to be expected from 
(+ ) - or ( —)-2,3-dibromobutane would be smaller 
than the rotation of ( —)-^reo-3-bromo-2-butanol 
by a factor of approximately 50 or 100, and thus 
be within experimental error of zero. Thus it 
must be that ( — )-£/we0-3-bromo-2-butanol gives 
rf/-2,3-dibromobutane. This definitely confirms 

(S) In many cases, the optical activit} of an alcohol is comparable 
to or less than that of the corresponding halide; see for example, 
Kenyon, Phillips and Pittman, J. Chcm. Soc, 1072 (1935); Levene 
and Rothen, J. Biol. Chem., 127, 237 (1939): Hughes, Ingold and 
Masterman, J. Chem. Soc, 1196 (1937); Hughes. Ingold and Scott, 
ibid , 1201 (1937); Cowdrey, Hughes and Ingold, ibid., 1208 (1937); 
.Stevens and McNive-a. THIS JOUKNAL, 61, 129o (1939). 
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the proposed mechanism, which involves the forma
tion of 1,2-dimethylethylenebromonium ion, VI. 

It is evident from Table I that the active 
bromoacetates behave as the bromohydrins do, 
to give inactive dibromides. This is to be ex
pected since the bromoacetates presumably are 
converted to the dibromides by way of the 
bromohydrins.9 It must be recognized that the 
butylenebromonium ion can react with water, 
as well as with bromide ion. The reaction with 
water, in the case of the cis ion, will give rise to 
d/-^reo-3-bromo-2-butanol. Here then is a way 
for the active ^reo-bromohydrin to become in
active. I t is probable, however, that the positive 
ion reacts practically exclusively with bromide ion 
in the present reaction medium. This statement 
is based upon the observations that the corre
sponding oxide is converted almost quantitatively 
to bromohydrin,2 not glycol in concentrated 
hydrobromic acid, and that in bromine additions 
to double-bonded compounds, in which bromo-
nium ions10 are intermediates,2,6,11 bromide ion 
competes much better than solvent molecules. 

Other Possible Mechanisms.—The results ob
tained show that two other possible mechanisms, 
which have been proposed for the conversion of 
monohydric alcohols to bromides, are not opera
tive here. One such mechanism is the internal, 
cyclic reaction of a bromohydrin-hydrogen bro
mide complex.12 This type of reaction which 
seems to occur in some cases8 cannot be operative 
here, otherwise the dibromide IV, resulting from 
optically active ^reo-3-bromo-2-butanol XII1 

would possess optical activity. 
H 

o/ 
\ l / NH \ / \ / 

C 1 -H2O C-Br C+ + B r -
I B r • I I > 

B r - C B r - C B r - C 
/ \ / \ / \ 
XII IV XIII v \/ 

BrC C - B r 
I a n d I 

BrC Br-C 
/ \ / \ 

II IV (9) Winstein and Lucas, T H I S JOURNAL, 61, 1581 (1939). 
(10) Pfeiffer and co-workers have isolated and formulated salts 

which bear a formal resemblance to our bromonium salts, such as 
([(CHi)JNCsH4JaCCHBr)+ ClO4" [see Pfeiffer and Wizinger, .4Kn., 
461, 132 (1928)] and [(CiHiC8H4)SCCHBrJ+BrS- [see Pfeiffer and 
Schneider, J. prakt. Chem., 1S9, 129 (193I)J. 

(11) (a) Bartlett and Tarbell, T H I S JOURNAL, 58, 466 (1936); 
(b) Read and Williams, / . Chem. Soc, 117, 359 (1920); (c) Ingold, 
Chem. Rev., 15, 225 (1934). 

(12) Cowdrey, Hughes, Ingold, Masterman and Scott, J. Chem. 
Soc, 1252 (1937). 

Another such mechanism is the dissociation12 of 
the bromohydrin-proton complex, V, to give a 
halogen substituted carbonium ion XIII, with 
subsequent reaction of this ion with bromide ion. 
In the case of both the active erythro- and active 
ffereo-bromohydrins, this would lead to the pro
duction of a mixture of the meso-dibromide II 
and an active dibromide IV, unless one postulates 
that the configuration of the carbonium ion is 
stabilized in the pyramidal form. If it is pos
sible for the configuration to be so stabilized, 
then the resulting dibromide from the active 
//zreo-bromohydrin would possess optical activity. 
Thus the carbonium ion mechanism, which has 
been postulated in other cases12 but which has 
been the subject of considerable discussion 
recently,13 definitely is not operative in the case 
of these 3-bromo-2-butanols. 

While it might turn out to be useful to think 
that the chief "driving force"14 of the reaction of 
formation of the butylenebromonium ion VI is 
the tendency for the —OH£ group to be dis
sociated off as a water molecule, nevertheless we 
must not regard XIII as an intermediate. The 
bond between bromine and carbon is formed es
sentially simultaneously with the dissociation of 
the —OH 2" group from the rest of the molecule. 

Other Changes Involving Halonium Ions.—In 
addition to the reactions of bromohydrins with 
acids and of bromine and bromine-donating 
substances with ethylenic compounds, as dis
cussed previously,2 there must be other situations 
in which bromonium ions are intermediates. 
This would be expected when there is a tendency 
to remove one group in a molecule in which there 
is a bromine substituent able to attack the back 
face of the carbon atom losing the group. Thus, 
for example, the production of «s-l,2-diacetoxy-
cyclohexane from the action of silver acetate on 
1,2-dibromocyclohexane in acetic acid does not 
necessarily indicate that the 1,2-dibromocyclo
hexane is the cis isomer.16 We prefer the explana
tion that an odd number of inversions are involved 
in the transformation to the diacetate and that 
1,2-dibromocyclohexane has the trans configura
tion. It seems plausible that the bromonium ion 
is produced by the action of a silver ion14,16 

simultaneously with the attack by the bromine 
(13) (a) Winstein, T H I S JOURNAL, 61, 1635 (1939); (b) Bartlett, 

ibid., 61, 1630 (1939). See these articles for further references. 
(14) Roberts and Hammett, ibid., 59, 1063 (1937). 
(15) Rothstein, Ann. ckim., 14, 461 (1930). 
(16) See Hughes, Ingold and Masterman, J. Chem. Soc, 1236 

(1937); Cowdrey, Hughes and Ingold, ibid., 1243 (1937). 
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a t o m of c a r b o n a t o m C 2 a s s h o w n b y X I V a n d 

t h a t t h i s ion r e a c t s w i t h s o l v e n t a s s h o w n b y 

X V . A n invers ion a t t h e r e p l a c e m e n t of t h e 

second b r o m i n e a t o m b y a c e t a t e w o u l d r e su l t 

in t h e r e be ing t h r e e inve r s ions in t h e who le 

t r a n s f o r m a t i o n . I t s eems p laus ib le t h a t p r e s 

e n t l y t h e s te r i c cour se of r e a c t i o n s of d iha l ides , 

ha lo l iyd r in s , e tc . , will b e b e t t e r u n d e r s t o o d w h e n 

i t is r ea l i zed t o w h a t e x t e n t b r o m o n i u m ions a n d 

h i t h e r t o u n k n o w n c o m p o u n d s of a s imi lar s o r t 

p l a y a p a r t . 

Bes ides b r o m o n i u m ions t h e r e m a y b e ch lo-

r o n i u m a n d i o d o n i u m ions of s imi la r s t r u c t u r e . 

Experimental 

Materials.—The dl-erythro-3-hromo-2-buta.nol was pre
pared from the pure ira»s-2,3-epoxybutane and the H-
(/j^«o-3-bromo-2-butanol from both pure «V2,3-epoxy-
butane or a's-2-butene according to directions previously 
given.2 

Merck brucine was employed and the acetic anhydride 
was purified by fractionation. 

Partial Resolution of eryrtro-3-Bromo-2-butanol and 
Conversion to 2,3-Dibromobutane.—In 500 ml. of pure 
carbon tetrachloride was dissolved with heating 50 g. of 
brucine, then 50 ml. of <2/-eryttro-3-bromo-2-butanol and 
22 ml. of acetic anhydride were added in turn and the 
reaction mixture was refluxed for two hours. After the 
reaction mixture was cool, it was washed first with dilute 
hydrochloric acid and then sodium carbonate solution. 
The mixture was dried over potassium carbonate, most of 
the carbon tetrachloride was distilled off through a 15-cm. 
column of glass helices at about 40 °, and the residue was 
fractionated through a 40-cin. Weston17 column. There 
was obtained 38 ml. of distillate, 12 ml. being essentially 
pure bromohydrin, b. p. (13 mm.) 53.1-53.7°, JJ25D 1.4762 
and 19 ml. being pure acetoxybromobutane, b. p. (13 mm.) 
67.0-67.2°, »25D 1.4488. Intermediate fractions made up 
the remainder of the material. The rotation OD (1 dcm.) 
of the bromohydrin was 1.91° and of the acetate —3.01°. 
Half of the bromohydrin sample was converted to oxide 
as previously described,2 the oxide exhibiting <XD (1 dcm.) 
+4.37° . The oxide and bromohydrin were dissolved in 
fuming hydrobromic acid, the. dibromide b. p. (50 mm.) 
73.2°, K25D 1.5090, possessing aD (1 dcm.) 0.00°. The ace
tate similarly gave rise t o dibromide b. p. (50 mm.) 73.2 °, 
ft'sD 1.5090 which possessed aD (1 dcm.) 0.00°. The inter
mediate fractions also were converted to dibromide. The 
combined and redistilled dibromobutane from the bromo
hydrin and oxide, acetoxybromobutane, and the inter
mediate fractions, b. p. (50 mm.) 73.3°, M2SD 1.5091 pos-

(17) Weston, lnd. E-Hg. Chen., Anal. Bd., 6, 179 (1933). 

sessed a dielectric constant2 '18 of 6.208. This indicates a 
few % of ^/-dibromobutane in the »»«jo-dibromide. Some 
stereornutation from erythro to threo apparently takes place 
during the procedure for partial resolution of the bromo
hydrin. 

Partial Resolution of «Areo-3-Bromo-2-butanol and Con
version to 2,3-Dibromobutane.—From the treatment of 44 
ml. of i!Ara)-3-bromo-2-butanol with 44 g. of brucine and 
22 ml. of acetic anhydride in 440 ml. of carbon tetrachloride 
as described above in the case of the eryrtro-bromohydrin 
and subsequent washing, drying and distillation was ob
tained 39 ml. of distillate, 8 ml. being quite pure bromo
hydrin, b. p. (13 mm.) 50.0-50.8°, »2SD 1.4757, 13 ml. being 
quite pure acetoxybromobutane, b . p . (13 mm.) 69.6°, 
M25D 1.4491, the rest of the material consisting of intermedi
ate fractions. The bromohydrin exhibited <*D (1 dcm.) 
— 1.17° while the acetoxybromobutane possessed « D (1 
dcm.) —0.31 °. The bromohydrin, acetoxybromobutane 
and the combined intermediate fractions were converted to 
dibromobutanes in the usual way. The dibromobutane 
b. p. (50 mm.) 76.1° from the bromohydrin exhibited aD 
(1 dcm.) 0.00°, that from the intermediate fractions, b. p. 
(50 mm.) 76.0° possessed aD (1 dcm.) 0.00°, and the di
bromide b. p. (50 mm.) 76.2 ° from the bromohydrin acetate 
yielded aD (1 dcm.) 0.00°. The combined and redistilled 
dibromobutane b. p. (50 mm.) 75.9-76.2 °, W25D 1.5121, 
possessed a dielectric constant of 5.797. Here, too, a little 
stereornutation must have been involved in the procedure 
for the partial resolution of the bromohydrin. 

When 46 ml. of th.reo-3-bTOmo-2-buta.aol was partially 
resolved with the aid of 46 g. of brucine, 20 ml. of acetic 
anhydride and 500 ml. of carbon tetrachloride and distilla
tion was carried out, 10 ml. of bromohydrin fraction b. p. 
(13 mm.) 50.2-50.7°, naD 1,4749, aD (1 dcm.) - 1 . 04° was 
obtained. Three ml. of this bromohydrin yielded an oxide 
having aD (1 dcm.) 0.01°. The remainder of the bromo
hydrin yielded a dibromide, b. p. (50 mm.) 76.3°, W25D 
1.5121, which showed aD (1 dcrn.) 0.00°. 

In Table I the indicated possible errors in the optical 
rotations are the sum of the mean deviations for a set of 
readings on the zero point and a set of readings on the sub
stance in question. For the readings a Zeiss 0.01 ° instru
ment and a small capacity 1-dcm. tube were employed. 

S u m m a r y 

T h e r e is c o m p l e t e loss of op t i ca l a c t i v i t y w h e n 

a c t i v e erythro- o r i!/zre0-3-bromo~2-butanol is 

c o n v e r t e d t o 2 , 3 - d i b r o m o b u t a n e . T h i s conf i rms 

t h e m e c h a n i s m p rev ious ly p r o p o s e d in c o n n e c t i o n 

w i t h t h e conve r s ion of dl-erythro- a n d dl-threo-'S-

b r o m o - 2 - b u t a n o l t o meso- a n d d / -2 ,3 -d ib romo-

b u t a n e , r e spec t ive ly . T h e m e c h a n i s m cons i s t s 

of t h e p r o d u c t i o n of a b u t y l e n e b r o m o n i u m ion, 

a n d t h e s u b s e q u e n t r e a c t i o n of t h i s ion w i t h 

b r o m i d e ion, t w o inve r s ions o c c u r r i n g in t h e 

t r a n s f o r m a t i o n . O t h e r poss ib le m e c h a n i s m s for 

t h e t r a n s f o r m a t i o n of b r o m o h y d r i n t o d i b r o m i d e 

a r e d i scussed a n d re jec ted . 
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(18) Winstein and Wood, unpublished work. 
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