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Anal. Caled for CgH11F3sNoO4S: C, 27.28; H, 4.20. Found: C,
27.34; H, 4.10.

General Procedure for the Formation of Acylhydrazones.
The reaction times and temperatures are found in Table I. A solu-
tion of 1 equiv each of the alkyl halide and the trifyl hydrazide was
stirred in dry CHsCN with 2 equiv of anhydrous KoCOs. The reac-
tion was monitored by TLC. A typical work-up involved filtration
of the reaction mixture and evaporation of the solvent in vacuo fol-
lowed by trituration of the residue with several portions of hot
CH;Cls. The acylhydrazones were obtained on evaporation of the
CH,Cl; in vacuo and were recrystallized from ethanol or CHsCly—
hexane,

Registry No.—Benzaldehyde benzoylhydrazone, 956-07-0; ac-
etaldehyde benzoylhydrazone, 1483-22-3; acetophenone benzo-
ylhydrazone, 1219-41-6; benzenepropanal benzoxylhydrazone,
56572-26-0; 2-propenal benzoylhydrazone, 6631-27-2; benzalde-
hyde tert-butoxycarbonylhydrazone, 24469-50-9; acetophenone
tert-butoxycarbonylhydrazone, 56572-27-1; acetaldehyde tert-bu-
toxycarbonylhydrazone, 56572-28-2; benzenepropanal tert-bu-
toxycarbonylhydrazone, 56572-29-3; benzoylhydrazine, 613-94-5;
triflic anhydride, 358-23-6; tert-butyl carbazate, 870-46-2.
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Addition of an unsymmetrical electrophilic reagent to an
allenic bond is attractive as the system has more than one
center for electrophilic attack. Many unsymmetrical elec-
trophilic reagents such as hydrogen halides, water, mercu-
ric acetate, 2,4-dinitrobenzenesulfenyl chloride, and orga-
noboranes have been added to cyclic allenes.? However, the
addition of hydrogen halides to cyclic allenes has not been
systematically examined. Gardner et al.® have shown that
hydrogen chloride gas adds to 1,2-cyclononadiene (1a) at
—70° to form 3-chlorocyclononene. A similar regiospecifi-
city has been observed in the addition of hydrogen bromide
to la.* Therefore, we thought that it would be interesting
to examine the addition of hydrogen bromide to different
cyclic allenes to know the effect of ring size on the regio-
and stereospecificity of addition. We report here our work
on the addition of hydrogen bromide to 1,2-cyclononadiene
(la), 1,2-cyclodecadiene (1b), and 1,2-cyclotridecadiene
(1¢) (Scheme I).

Notes
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The addition of hydrogen bromide in acetic acid to 1,2-
cyclononadiene (1a) in 1:1 mole ratio at ca. 20° gave only
cis-3-bromocyclononene (4a) in 86% yield. Careful GLC
analysis on a silicone rubber column indicated it to be pure.
Its ir spectrum had absorptions at 2018, 1635, and 710
cm~!. There was no ir absorption in the region 960 ¢cm~1,
suggesting the cis configuration for the double bond. The
NMR spectrum of 4a showed two olefinic protons at & 5.60,
one methine proton at 5.00, and 12 methylene protons from
1.00 to 2.40 as multiplets. The identity was further con-
firmed by comparison of GLC retention times, ir, and
NMR spectra with those of an authentic sample prepared
from cis-cyclononene and N-bromosuccinimide.? Further-
more, the addition of deuterium bromide to la gave cis-3-
bromocyclononene-2-d. Its NMR spectrum exhibited one
olefinic proton at & 5.60, one methine proton at 5.00, and 12
methylene protons from 1.00 to 2.40. The mass spectrum
showed characteristic molecular ion peaks of almost equal
intensity at m/e 2038 and 205. These results rule out the
possibility of initial isomerization of la to 1,3-cyclonona-
diene prior to addition to hydrogen bromide, and also
suggest that the possible isomerization of the initially
formed trans-3-bromocyclononene to the observed prod-
uct, 4a, is less likely. Finally, the addition of hydrogen bro-
mide to la was unaffected in the presence of a free radical
inhibitor which excludes free radical addition.

In a similar manner, the addition of hydrogen bromide to
1,2-cyclodecadiene (1b) occurred to yield cis-3-bromocyclo-
decene (4b, 75%) as the sole product whose identity was es-
tablished using an authentic sample prepared from cis-cy-
clodecene.? Hydrobromination of 1,2-cyclotridecadiene
(1e), on the other hand, provided a mixture of 1-bromocy-
clotridecene (5) and 3-bromocyclotridecene (6), in a ratio
45:55. The regioisomers were separated by preparative
GLC, and their structures secured by elemental analysis
and comparison of GLC retention times and spectral prop-
erties with those of authentic samples.5® Our attempts to
separate the possible stereoisomers of 5 or 6 by GLC were
not successful.



Notes

Our results demonstrate that hydrogen bromide addition
to la and 1b is regiospecific as well as stereospecific,
whereas the addition of le is nonregiospecific. The most
convincing rationale of our results is depicted in Scheme I.
We suggest that 1a or 1b reacts with hydrogen bromide in a
reversible process to form the corresponding unstable -
proton complex (2a or 2b), which readily breaks up to form
a planar resonance stabilized w-allylic cation (3a or 3b).
The addition of bromide anion to 3a or 3b can give rise to
the observed allylic bromide (4a or 4b) in each case. The
stereospecificity observed can be explained as the cis con-
figuration of 3a or 3b is much more stable than its trans
configuration in a nine- or ten-membered ring. In the case
of le we argue that the =-proton complex (2¢) is stable, and
it is attacked by the nucleophile (Br~) both at central and
terminal centers to form 1-bromocyclotridecene (5) and 3-
bromocyclotridecene (6), respectively. However, the possi-
bility of the formation of the observed products (5 and 6)
via nonplanar allylic and vinylic cations cannot be ruled
out completely.

In conclusion, the reactions reported here répresent the
first example of change of orientation of hydrogen bromide
addition with change in the ring size. The mode of addition
of hydrogen bromide to strain-free 1,2-cyclotridecadiene
(1e) resembles that of simple 1,3-disubstituted acyclic al-
lenes.” We propose that the strain factor could be responsi-
ble for the observed difference in behavior of C-9 or C-10 as
compared to C-13 allene in hydrogen bromide addition.

Experimental Section

All boiling points are uncorrected. Ir spectra were recorded on a
Perkin-Elmer IR-137 using neat liquids. NMR spectra were re-
corded on a Varian Model A-60 NMR spectrometer relative to in-
ternal standard MesSi. The mass spectral measurements were per-
formed by the Mass Spectrometry Laboratory, National Chemical
Laboratory, Poona, India. The gas-liquid chromatography utilized
a Varian Model 90-P gas chromatograph with a thermal conduetiv-
ity detector. Elemental analyses were performed by the Microanal-
ysis Laboratory, Department of Chemistry, Indian Institute of
Technology, Kanpur 2080186, India.

General Procedure for the Addition of Hydrogen Bromide
to Cyclic Allenes. The cyclic allene (0.05 mol) was taken in a
three-necked round-bottomed flask and cooled to around 15-20°
in a nitrogen atmosphere. Hydrogen bromide solution in acetic
acid (40% w/v, 12.0 ml, 0.055 mol) was added dropwise with mag-
netic stirring over a period of 30 min. After the addition was over,
it was allowed to stir for another 2 hr. The reaction mixture was
poured into 200 ml of water, neutralized carefully with sodium bi-
carbonate, and extracted with petroleum ether (bp 40-60°). The
combined extract was washed thoroughly with water and dried
over anhydrous MgSO4. Removal of solvent and distillation under
vacuum gave the monobromo adduct.

Addition of Hydrogen Bromide to 1,2-Cyclononadiene.
From 1,2-cyclononadiene (6.1 g, 0.05 mol) and hydrogen bromide
(0.065 mol), there was obtained 8.8 g (86%) of cis- 3-bromocyclono-
nene: bp 87-88° (5 mm) [lit.5 bp 34-35° (0.05 mm)]; ir (neat) 2018,
1635, and 710 em~1; NMR (CDCl3) 6 5.60 (m, 2 H), 5.00 (br m, 1
H), and 1.00-2.40 (m, 12 H).

Anal. Caled for CoHy5Br: C, 53.20; H, 7.39. Found: C, 53.41; H,
7.21.

Addition of Deuterium Bromide to 1,2-Cyclononadiene. Fol-
lowing the general procedure, the treatment of 1,2-cyclononadiene
(1.22 g, 0.01 mol) with deuterium bromide (0.012 mol) in acetic
acid-d provided 1.5 g (74%) of 3-bromocyclononene-2-d: bp 90° (5
mm); ir (neat) 2020, 1636, and 712 cm~'; NMR (CDCl3) 5 5.60 (m,
1 H), 5.00 (br m, 1 H), and 1.00-2.40 (m, 12 H); mass spectrum m/e
203 and 205 (M7) of almost equal intensity.

Addition of Hydrogen Bromide to 1,2-Cyclodecadiene.
Treatment of 1,2-cyclodecadiene (6.8 g, 0.05 mol) with hydrogen
bromide (0.055 mol) in acetic acid gave 8.0 g (75%) of cis-3-bromo-
cyclodecene: bp 91-92° (5 mm) [lit.5 bp 86-87° (3 mm)]; ir (neat)
2018, 1634, and 712 cm™1; NMR (CDCl3) 5 5.58 (m, 2 H), 5.00 (br
m, 1 H), and 1.00-2.42 (m, 14 H).

Anal. Caled for C1oH17Br: C, 55.30; H, 7.83. Found: C, 55.13; H,
7.71.
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Addition of Hydrogen Bromide to 1,2-Cyclotridecadiene.
1,2-Cyclotridecadiene (9.0 g, 0.05 mol) was treated with hydrogen
bromide (0.055 mol) to yield 9.0 g (70%) of a mixture of 3-bromocy-
clotridecene and 1-bromocyclotridecene, bp 93-101° (1 mm). Care-
ful GLC analysis {10% silicone rubber SE-30, 5 ft X 0.25 in., 100°,
30 ml/min Ng) of the reaction product showed two closely situated
peaks having 1-bromocyclotridecene (shorter retention time) and
3-bromocyclotridecene in the ratio 45:55. The two components
were separated by GLC and compared with authentic samples.5¢

An authentic sample of 3-bromocyclotridecene was prepared
from cyclotridecene (cis and trans mixture) and N-bromosuccini-
mide:® ir (neat) 2014, 1636, 970, and 710 cm~!; NMR (CDCl3) 8
5.56 (m, 2 H), 4.96 (br m, 1 H), and 0.96-2.45 (m, 20 H). An au-
thentic sample of 1-bromocyclotridecene was made by lithium alu-
minum hydride reduction of 2,3-dibromocyclotridecene:® ir (neat)
2016, 1636, 850, and 820 cm~1; NMR (CDCly) 6 5.50 (t, J = 7.0 He,
1 H) and 0.98-2.54 (m, 22 H).

Anal. Caled for Ci3HosBr: C, 60.23; H, 8.88. Found: C, 59.98; H,
8.50.

Registry No.—1a, 1123-11-1; 1b, 4415-98-9; 1¢, 5601-67-2; 4a,
33332-75-1; 4b, 56412-17-0; 5, 56412-18-1; 6, 38916-95-9; hydrogen
bromide, 10035-10-6; deuterium bromide, 13536-59-9; 3-bromocy-
clononene-2-d, 56412-19-2; cis-cyclotridecene, 2484-66-4; trans-
cyclotridecene,; 2484-65-3; 2,3-dibromocyclotridecene, 34833-29-9;
N-bromosuccinimide, 128-08-5.
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The recent paper by Gribble et al.! concerning the alkyl-
ation of aromatic amines with liquid carboxylic acids and
sodium tetrahydroborate has prompted us to publish our
own data on the same reaction, since they not only support
the findings of the authors cited, but extend the scope of
the reaction to the N-alkylation of amines with solid car-
boxylic acids, and provide further insight on the possible
reaction pathway.

In the course of an investigation aimed at determining
the reactivity of some 1,4-benzothiazines of structure 12 we
observed that their treatment with NaBHj,, in neat acetic
acid as solvent, gave rise to the expected dihydro-1,4-ben-
zothiazines 2 or to the corresponding N-ethyl derivatives 3
(R = CHjy) (Scheme I) depending on the amount of NaBH,
added. The unexpected formation of N-alkyl derivatives
prompted us to extend the reaction to a number of primary
and secondary amines, both aliphatic and aromatic, and to



