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A&gg~ - The reaction of trialkylboranes with bromine is greatly accelerated by base. Bromination 
in the presence of sodium hydroxide provides alkyl bromide along with a large amount of the 
corresponding alcohol. The use of sodium methoxide as a base eliminates this undesirable side- 
reaction and provides an improved yield of alkyl bromide. Consequently, hydroboration. followed by 
bmmination in the presence of sodium methoxide, provides a convenient new procedure for the 
conversion of alkenes into alkyl bromides. The organoboranes, obtained viu hydroboration of 
terminal alkmes, react with the utilization of all three alkyl groups attached to boron, providing 
nearly quantitative yields of alkyl bromides. This procedure also accommodates common organic 
functional groups. as demonstrated by the preparation of methyl 11 -b~mound~~oate and 1 l- 
bromoundecyl acetate from the corresponding functionally substituted alkmes. Under these 
conditions, secondary and bulky primary alkyl groups react more sluggishly. However, a procedure 
involving simultaneous addition of bromine and methanolic sodium methoxide provides improved 
results for such derivatives. Surprisingly, the base-induced bromination of tri-exu-norbomylborane 
results in an inversion of configuration at the reaction center to give predominantly e&o-2- 
bromonorbomane. A mechanism is proposed to account for this remarkable inversion. 

The facile hydroboratior? of alkenes has provided a convenient synthesis of a wide variety of trialkylboranes. 

Oxidation of these organoborartes with alkaline hydrogen peroxide6 gives the corresponding alcohols, providing a 

simple procedure for the mfi-Markovnikov hydration of the double bond. A similar reaction of a trialkylborane with 

a halogen is expected to give the corresponding alkyl halide, providing a useful new procedure for the overall a& 

Markovnlkov hydrohalogenation of the double bond. 

The first report of a halogmation reaction of a trialkylborane was in 1938 concerning the reaction of bromine 

with trin-butylborane in the absence of a solvent to give I-bromobutane and di-n-butylboron bromide.‘l However, 

less than one of the three aikyl groups on the trialkylborane was converted into sn alkyl bromide and substantial 

amounts of hydrogen bromide and n-butane were also 0bserved.l The reaction of iodine with organoboranes was 

found to proceed under quite vigorous conditions, requiriig a temperature of 150°C to convert a single alkyl gmUp 

into alkyl iodide.‘) Besides halogens, cupric halides have been reacted with trialkylboranu to provide the 

corresponding alkyl halides under relatively mild conditions (eq Q1* 

R3B + 2CuX2 t H20 .=. HX + 012X2 + R2BOH + HX (X=Br,CT) (1) 

2763 



2764 H C BROWX and C. F. LAM 

An indirect method for the conversion of trialkylboranes into a&y1 halides involving the memuration of a 

trialkylborane, followed by bromodemercuration, has been developed (eq 2).11 
Hg(oAcf2 

lnR3B THF ~RH;goAc--+~ysx 
X2 

PYr 
) RX+HgX2 (x=Br.I) (2) 

This hydmboration-metcuration-halogenation sequence has been used to convert a large number of terminal alkenes 

into primary bromides and iodida. 

The base-induced iodination of organoboranes converts two out of three alkyl groups of a trialkylborane into alkyl 

iodide in less than 5 mi.n at 25OC (eq 3).12 

R3I3 + 212 + 2NaOH 
THF 

,-+ 2RI +2NaI +RB(OH)z 8) 

Consequently, the hydroboration-iodination procedure has made possible a simple and convenient method for the 

overall onfi-Markovnikov hydroiodination of terminal alkenes. We now report details of a systematic study of the 

corresponding bromination reaction. 

RESULTS AND DISCUSSION 

The reaction of organoboranes with iodine is greatly facilitated by the addition of sodium hydroxide. Therefore, 

the present study was undertaken to determine the effect of sodium hydroxide or other bases on the reaction of 

trialkylboranes with bromine in THF. 

Effect of Base on &q&l&g. The reaction of bromine with tri-n-hexylborane in THF was first examined to 

determine the extent of bromination in the absence of base. The yield of I-btomohexane was invariably low (< 20%). 

even with a large excess of bromine, after 1 h at 0-5OC, followed by 1 h at 25OC. Thus, when 30 mm01 of bromine 

was added to 10 mm01 of tri-n-hexylborane in THF at 0-5OC, the product consisted of 5.9 mmol (19.7%) of l- 

hromohexane, 0.4 mmol (1.3%) of 2bromohexane. and 0.8 mol (2.6%) of n-hexane. When methanolic sodium 

hydroxide (30 mmol) was ad&d to the above reaction mixture, a virtually instantaneous dccolorization occurred, with 

the formation of 35% I-bromohexane. Consequently, a detailed study of the bromination reaction was undertaken 

Table 1. Reaction of tri-n-hexylborane with bromine under the influence of methanolic sodium 

hydroXidea 

R3B 
mm01 

Br2 
mm01 

NaoH 

mm01 

Product Yields, %& 

1 -Bromohexane 1 -Hexanol 1 -Hexanolc 

10 10 10 26 8 10 20 20 28 18 z 
10 30 30 35 26 57 
10 30 40 36 51 

10 30 60 z 40 

10 30 50 68e 32 

PBrominations were carried out at 20-2S°C by adding methanolic sodium hydroxide to a THF 

solution of the organoborane and bromine. bBy CC analysis based on the amount of starting l- 

hexene: the secondary isomers were formed in only trace amounts. =After oxidation of the reaction 
mixture with alkaline hydrogen peroxide. these yields of I -hexanol. plus those for 1 -bromohexane. 

account for 94% hydroboration at the terminal carbon.5 dBromine was added to the base in 

methanol at O°C. followed by the addition of the organoboranc in THF at O°C; analysis after 

warming to 20-25oC. cProcedure used in this case invoived simultaneous dropwise addition of 

bromine and base to the borane at 0-5°C. 
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following the procedure which had been efficient for the base-induced iodination of trialkylboranes.12 The results 

are summarized in Table 1. 

The base-induced iodination reaction gave a maximum conversion of two of the three alkyl groups in a 

trialkylborane into the corresponding alkyl iodide (67%). However, the same procedure, when applied to 

bromination, has resulted in a much lower conversion of alkyl groups into an alkyl bromide (43%). Also, a major 

side-reaction occurs during sodium hydroxide-induced bromination, which results in the oxidation of tri-n- 

hexylborane to give I-hexanol. 

Trialkylboranes are readily oxidized by sodium hypochlorite.13 As shown in Table 1, only 1 -hexanol and a trace 

of 2-hexanol were formed when a THF solution of tri-n-hexylborane was added to a colorless solution of bromine in 

mellranolic sodium hydroxide at O°C.14 Therefore. in the present study, I-hexanol is formed via the oxidation of 

tri-n-hcxylborane with sodium hypobromite by a reaction analogous to that proposed for the hypohalite oxidation of 

arylbomnic acids.15 

The procedure adopted for bromination was to add bromine to the organoborane in THF. followed by the dropwise 

addition of methanolic sodium hydroxide. By changing to a simultaneous dropwise addition of bromine and base to 

rbt organoborane in THF. the yield of primary bromide derived from a terminal alkene could be increased to around 

68%. If enough sodium hydroxide was added to decolorize bromine completely, a quantitative recovery of all three 

alkyl groups was obtained (eq 4, Table 1). However, the loss of one alkyl group as alcohol could limit the 

synthetic applications of this procedure. 

R3B + 3Br2 + 4NaOH ,-b 2RBr + ROH + B(OH)3 + 4NaBr (4) 

Various bases were then examined to see if the third alkyl group could also be converted into an alkyl bromide. 

The effect of various bases upon the bromination reaction of trialkylboranes is summarized in Table 2. When 

sodium methoxide in methanol was used as the base, an 85% yield of bromide was observed with only a trace 

amount of alcohol. Consequently, the undesirable oxidation proved to be easily circumvented by using this base, 

Table 2. Reaction of tri-n-hexylborane with bromine in the presence of various base# 

Base 
Product Yield& 

1 -Bromohexane 2-Bromohexane 

flUllO1 Q 
C mm01 

z&H20 

NaOH/H20 

NaOHKH3OH 

NaOCHflH3UH 

KWCH3hJCH3bCOH 
KOC(CH3)j/l-HF 

11. 9.1 30.4 39.4 0.3 0.2 

10.0 33.3d 0.4 

20.8 69.4d kace 

25.4 84.7e 0.7 

9.8 32.6 0.7 
10.4 34.7 0.2 

=All reactions involve the simultaneous dropwise addition of bromine (30 mmol) and base (30 

mmol) to a THF solution of tri-n-hexylborane (10 mmol) at 0-5OC. bBy CC analysis. CBased on 

the maximum production of 30 mmol of bromohexane. dA large amount of 1 -hexanol was present 

also. eOnly a trace amount of 1 -hexanol was observed. 

presumably because the reaction of bromine with sodium methoxide does not result in the formation of sodium 

hypobromite.16-I9 
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The stoichiometty of me~oxide-educe torsion was given a careful examination. Results summarized in 

Table 3 indicate that it is necessary to use a large excess of bromine as well as base to obtain a 93% yield of l- 

bromohexane.This is essentially a quantitative yield since the hydroboration of I-hexme proceeds to place 94% of 

boron on the terminal carbon.5 

. I 
Effact The procedure described above where bromine is fast added to organobomne, followed 

by the addition of methanolic sodium methoxidc (Procedure A), gave excellent results with simpie (eq 5) and 

functionally substituted terminal alkenes (q 6). 

Table 3. Reaction of tri-n-hexylborane with bromine in the presence of methanolic sodium 

rnethoxideo 

W 
YNllOl 

Br;! 
mm01 

NaCQI3 
mm01 

Yield of 1 -Bromohexane 
% 

10 10 10 32 
10 20 
10 30 ; 

61 
72 

10 40 40 
10 40 so ;: 

“All brominations were carried out at O°C by adding methanolic sodium methoxide to a THF 

solution of the organoborane and bromine. bBy CC analysis based on the amount of starting l- 
hexene. f-Methoxyhexane was never observed in any detectable amount. However, 1 hexanol and 2‘- 
bromohexane were vesent in trace amounts. 

3H3 
Ra=CHz w WJH2C&$3R 

Br2 
a RCH2CHzBr 

RH3 
X(CH2)nar=CH2 -* 

Rr2 

E&z 
X(CHZ),,+2Rr 

Representative terminaI alkenes were transformed into the corresponding bromides using this procedure (Table 4). 

However bulky terminal alkenes and interna alkenes provided lower yields of bromide when this Procedure was 

applied. For example, hydration-elation of cyclopentene gave only a 31% yield of ~rn~yclo~n~e. A 

systematic examination of various reaction parameters, such as temperature, stoichiometry and mode of addition, 

resulted in the development of a second procedure (Procedure B), which involves a simultaneous dropwise addition of 

bromine (30 mmol), and base (33 mmol) to a THF solution of the organoborane (10 mmol) at 20-2S°C. This 

mode of addition appeared to be more generally applicable than Procedure A. Representative conversions were 

carried out, and in a number of cases, the alkyl bromides were isolated in reasonable yields (eqs 7 and 8). 

A summary of results obtained for the hydroboration-bromination of various alkenes using both procedures is given 

in TabIe 4. 

. . ~ . In the hydro~ration-iod~ation reaction,12 the third aUryl group of a 

trialkylborane failed to react. However, this difficulty was circumvented by using disiamylborane for the 

hydrolxnation of alkene. Since the primary alkyl groups react in preference to the bulky secondary alkyl(3-methyf- 

2-butyl. siamyl) groups, an essentially qu~titative conversion of terminal alkenes into primary iodides was 

achieved.!I However, in the present study, excellent results were possible through a simpler procedure involving 

treatment with bromine in THF. which discouraged the undertaking of a detailed investigation into the USC of 
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disiamylbomne for the hydrobomtion-bromination reaction. A limited study of representative mixed trialkylboranes 

uncovered some interesting phenomena. as shown in Table 5. 

Table 4. Conversion of repreaentativc alkenu into bromides via hy~~~~-~~a~on 

1 -butene 

I-hexene 

1 octene 

methyl 10..undecenoate 

11 -chloro- 1 -undecene 

I 0-undecenyl acetate 
‘L-methyl- I-pentene 
2.4.4~trimethyl-1-pentene 

A 

A 

B 

A 

A 

A 

A 
A 
A 

B 

l-bromobutane 91 
I-bromohexane 93C 

85c 

I-tsomo~tane 94C 

methyl 11 -~rnou~~~oa~ 92(85)c 

I-txomo-1 lchloroundecane (7W 
1 I-tx7mloundec.yl acetate (77jC 
I-bromo-2-methylpentane 99 
1-bromo-24,4trimethyl- 80 

pentane 
8WO) 

a-methylstyrene 

8-pinene 

cyclopentene 

cyclohexene 
2-butenc 

1 -bromo-2-phenylpropane 

cis-myrtanyl bromide 

bromocyclopentane 

bromccyclohexane 
2-tnomobutane 

68 
74(63) 

55 
65(59) 
31 
69 
64 
74 

“Procedure A, bromine (40 mmol) added to organoborane (10 mmoi) in THF at O°C, followed by 

dropwise addition of methanohc sodium methoxide (50 mmol) at O°C. Procedure B, simu1taneous 
addition of bromine (30 mmol) and methanolic sodium methoxide (33 mmol) to a THF solution of 

the organoborane (10 mmol) at 20-25°C. &By CC analysis (isolated yields in parentheses). The 

yields are baaed on the amount of starting alkene. c Small amounts of 2-bromoalkane (l-2%) are 
nresent also. * 

H3c+H2 

The reaction of n-hexyldisiamylborane with bromine (one molar equivalent) using Procedure A gave only a 17% 

yield of I-bromohexane. Presumably, the large bulky siamyl groups inhibit the reaction of the organoburane with 

bromine to such an extent that side-reactions become competitive. In the reaction of n-octyldicyclohexylborane, a 

large amount of bromocyclohexane was formed, indicating that there is only a slight preference for the bromination 

of n-octyl group over the cyclohexyl group. In the bromination ofB-n--octyl-9-borabicxyclo[3.3.1)nonane.20 the 8- 

cyciooctyl bond relwted in preference to the n-octyl group (cq 9). 

&_ Lt;t, ä BrJ--JJLH*CH3 
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Such high degree of selectivity for opening the boracycloalkane*’ ring bears great synthetic potential. With a 

second mole each of bromine and base, n-octyl group reacts with a slight preference. Finally, with a third mole of 

bare and bromine, I-bromooctane is formed in essentially quantitative yield 

Table 5. Reaction of n-octyldialkylboranes with bromine in the presence of sodium methoxid# 

RzBRb BrZ NaOCH3 React. Temp. Yield of I-Bromooctane 

R’=noct mm01 mm01 oc % 

Sia2BR’ 10 
20 
30 
10 
LX) 

Chx2BR 10 
20 
30 
10 
20 

B-R’-9-BBN 10 
10 
a3 
r) 

11 
22 
33 
11 
22 
11 
22 
33 
11 
22 
11 
11 
22 
33 

25 

;:: 
0 
0 

25 
25 
25 

0 

x 
25 
25 
25 

17 
44 
54 
44 
84 
62(2.7) 
87(7.3) 
87(9.7) 
77(2.9) 
98(6.5) 
trace 
trace 
61 
97 

uHydroboration carrried out by adding l-octene (10 mmol) to II THF solution of the dialkylborane (10 
mmol). Bromination via simultaneous addition of bromine and methanolic sodium methoxide. 

bSia2BH, disiamylborane; Chx2RH, dicyclohexylborane; 9-BBN. 9-borabicyclo(3.3.1jnonane. CBy 
CC analysis based on the amount of starting 1 octene. The yields in parentheses are the amounts of 
bromocyclohexane (mmol) formed in the bromination of n-octyldicyciohexylborane. 

AIkyi bromides are obtained in high yields when 9-BBN is used for the hydroboration of monosubstituted aikenes. 

With disubstituted alkenes, the yields are lower. comparable to those obtained by a much simpler procedure utilizing 

borane-THF. The results are summarized in Table 6. 

Table 6. Reaction of ~-alkyi-9-~rabicyclo[3.3.l]nonMes with bromine in the presence of 

methanolic sodium n&oxide* 

Alkene for E-Alkyl-9-BBN Product Yield qbtr 

1 -hexene 
Ioctene 

a-methylstyrene 

P-pinene 
cyclopenwle 

1 bromohexane 95 
I-btomooctane 97 

1 btomo-2-phenylpropane 61 

cis-myrtanyl bromide 40 
bromocyclopentane 60 

“Brominations were carried out by the simultaneous addition of bromine (30 mmol) and methanolic 

sodium methoxide (33 mmol) to a THF solution of the organoborane (10 mmol) at ZO-2!5’C. ‘By 
CC analysis based on the amount of starting atkene. 

Stereoch&trv of E&&duced Bromw. For the proper application of any synthetic procedure, it is necessary 

to know the regio- and stereoselectivity of that reaction. The hydro~ration-nomination sequence represents a 

regioselective a&Markovnikov hy~o~omination of alkenes, as already established in this study. Consequently. it 

was of interest to establish the stereochemistry of the bromination reaction. 
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The ~omi~ati~ of tri-exe-norbomylborane under mild conditions converted only one norbomyl group into 

bromide. Surprisingly, the 2bromonorbomane obtained was predominantfy endo. indicating that an inversion of 

configuration had occurmd at the c+n utom undergoing reaction (eq 10). 

The procedure was repeated a number of times and the norbomyl bromide formed was always 75 f 5% endo (by 

tither GC or NMR analysis). 

This result was quite unexpected since most reported electmphilic substitution reactions poceed with retention of 

conf@ration.22 However, a few electrophilic su~tituti~ reactions have been reported to proceed with inversion 

of configuration. Thus, the reaction of bromine with exe- or mdo-norbomy1 lithium,23 with mentbyl lithium.24 or 

with 4-r-butylcyclohexyl iithium24 results in predominant, though not stereospecific, inversion. 

This inversion of con~guration for the base-induced ~m~ation is even more unusual when compared to the 

highly consistent behavior of other reactions of organoboranes.25 Essentially all of the non-free radical reactions of 

organoboranes. e.g., protonolysis with carboxyiic acids, oxidation with alkabne hydrogen peroxide, amination with 

hydroxyl~ine~~~sulfonic acid, carbonylation and e~oxy~~~nylme~ylatio~ are highly stereospecific reactions 

which occur with complete retention of configuration at the carbon atom undergoing the reaction. 26 

. . * I ~. The base used in the bromination reaction has pronounced effects upon both the rate 

and stercochemistq of the reaction. Thus, the reaction of bromine in the dark at 2@‘C with an equimolar quantity 

of tri-n-butyl- or tri-s-butylborane in THF in the absence of added base was quite slow, being only 3040% complete 

after g h.27 Similar reactions in the presence of base were virtuafly 100% complete as fast as the analysis could be 

made following the addition of methoxide. The bromination of tri-exe-norbomylborane in the absence of base under 

analogous conditions was also quite slow and the small amount of bromide formed was > 99% exo by CC analysis. 

A rn~h~~rn which can account for this remarkable inversion is shown in Scheme 1. 

R 
L&_$ Y 

CMe- 
~ NaOMe 

/ k r i 

tiC-B’, IR Na+ 

- / k 
1 _-I 

I Br2 

/ 
R2BOMe + Br -C 

*“+--- \ 
‘“M 

scheme 1 

I- NC 

The tremendous acceIemtion in rate upon the addition of base is presumably due to “ate” complex formation (1). 

This should increase the electron density on carbon and increase the ease of bond scission upon backside attack by 

bromine. Most electrophilic substitutions which result in retention of configuration am thought &I involve four- 

center transition statcss.22 In the “ate” complex, such a four-center transition state is not possible, so the reaction 
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takes a different mechanistic course, resulting in invcrsion.The fact that the bromine-chloride also reacts with 

trialkylbomnes to yield alkylbmmides supports the proposed mechanism. 28 

The small amount ofuo-norbomyf bromide formed may arise from a competing mechanism proceeding through a 

free radical substitutiona or through a typical electrophilic substitution of a small amount of tri-cxo- 

norborrtyfborane in equilibrium with the “ate” complex. We are not yet able to define the pncise path for the minor 

*uct- 

Although the mechanistic implicatious of this study are intem&ng, the synthetic importance may be even greater 

because this base-induced ~tion of ~-~-n~~yl~~e provides a ~nv~i~t means of preparing u&-2- 

bromonorborane29 and, pru;umably, related bicyclic derivatives. The simultaneous addition pmcedure, folIowed by 

selective solvolysis of the more reactive exo form in 80% aqueous ethanol,3O gave, after distillation, pure end0-Z 

bmmonorborane (> 99% endo by GC and NMR analysis). More recently the reaction has been utilized to effectively 

incorporate radioactive bromine into pharmaceuticals. 31 

CONCtUSIONS 

The sodium m&oxide-induced bromination of trialkylboranes has been developed into a highly convenient 

method for the preparation of alkyl bromides. Thus, hydroboraGon-bromination provides a new and important 

procedure for the ovaall ~j-M~ko~~ov addition of the elements of hydrogen bromide to a terminal alkene. 

Two different procedures were developed for the base-induced bromination of trialkylborancs. Procedure A 

provided essentially quantitative conversions of monosubstituted alkenes into primary bromides. Unfortunately, the 

yield dropped with the secondary and the more hindered primary alkyl groups. Procedure B provided more 

satisfactory yields for these derivatives and appeared to be of moR general applicability. 

Exudation of the stereochemistry of the product from the base-induced ~m~ation of ~-~-n~~rnyl~~ 

showed that the 2-bromonorbomane obtained was predominantly endo, indicating that an unusual inversion of 

conl&umtion had oc& at the carbon atom undergoing reaction. 

~PER~~~ SECTION 

Matet&. The purification of solvents, preparation and standardization of barane-THF solution were carried out as 

described elsewherep Stock solutions of disiamylborane and 9-borabicyclo[3.3.1]nonane were also prepared and 
standardized as previously reported.5 Analytical reagent grade bromine was used directly as obtained from 
Mallinckmdt Chemical Works. Baker rcagenl grade methanol was dried by distilling from magnesium methoxide. 
The sodium m&oxide was pepared by the addition of sodium metal to the dried methanol and then stored under 
nitrogen. Except for the lO-~d~enyl derivatives, the alkcnes used in this study were obtained from various 
commercial sourceu. In general, the simple alkenes were distilled from lithium aluminum hydride and stored under 
nitrogen. Methyl IO-undecenoate was obtained by the methamsnlfonic acid catalyzed esterification of lo-undecaroic 
acid. 1 I-Chlom-I-undecene was prepared from the alcohol by treatment with thionyl chloride. IO-Undecenyl acetate 
was prepared by treating the alcohol with acetic anhydride. The 10-undcccnyl derivatives were purified by vacuum 
distillation and all were at least 99% pure by GC. 

. 
m. A Hewtctt-Packard Model 5750 temperature-programmed gas chromatograph equipped with 
appropriate columns was used for all of the analyses. The bromides were analyzed on a 6 ft x l/4 in c&mm of SE- 
30, 10% on Aeropak 30. The alcohols were analyzed on a 6 It x l/4 in column of Carbowax 20 M -0.5% Anneen 
18 ID, 19.5% on AW/‘DMCS Chromosorb W and the stereochemistry of Zbromonorbomane was determined on a 20 
fr x If4 in cohunn of Zonyl E-7, 5% on AW/DMCS Chromosorb W. Identification of r&e alkyl bromides was 
carried out by comparison of the retention times with those of authentic samples. In cases where an authentic 
sample was not available. the bromide from a preparative scale reaction was isolated and characterized (physical 
constants, IR and NMR spectroscopy). 

~ ~. The general pmc&tne described here for the hy~~ati~-~rn~ati~ 

of B-pinene is representative for the simultaneous addition of the bromine and sodium mcthoxi& (Procedure B). A 
dry, 500-mI., Rusk equipped with a septum inlet, thermometer well. two pressure-equalizing dropping funneIs and II 
magnetic stirrer was flushed with nitrogen and maintained under a positive nitrogen pressure. The flask was charged 
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with 100 mL of dry THF. 47.2 mL (300 mmol) of dry p-p inene and cooled to 0-S°C with an ice water bath. 
Hydroboration was achieved by a dropwise addition of 39.0 mL of a 2.68 M solution of borane (325 mm01 of 
hydride) in THF. After the addition of the hydride, the ice water bath was removed arxl the solution was stirred for 1 

h at 25OC. Excess hydrids was destroyed by the careful addition of 2 mL of methanol. Bromine (16 mL, 300 
mmol) was placed in one addition funnel and 86 mL of a 3.84 M solution of sodium methoxidc (330 mmol) in 
methanol was placed in the other addition funnel. Bromim and base were then added simultaneously at a rate such 
that the reaction mixture was always slightly yellow. The reaction flask was cooled intermitently with an ice water 

bath during the 30 min addition period in order to maintain a reaction temperature of 20-25OC. The reaction 
mixture was then treated with 20 mL of water and sufftcient potassium carbonate to destroy excess bromine. The 
organic layer was separated from the aqueous layer, the aquauts layer was extracted with pentane (3 x 50 mL). the 
combined organic layer was extracted with water (2 x 50 mL) and once with 50 mL of saturated aqueous sodium 
chloride. After drying over anhydrous magnesium sulfate, the solvents were removed on a rotary evaporator under 
reduced pressure, kaving a slightly yellow oil. Vacuum distillation of this oil gave 38.5 g (59%) of cis-myrtanyl 

bromide: bp 94OC/l4 mm; n20D 1.5109. m. Calcd. for ClOHl7Br: C, 55.31: H, 7.89; Br, 36.80. Found: C. 
55.54: H, 8.05: Br, 36.77. 

Il-Bromoundecvl.Strndud.(Procedure. The general procedure described here for the 
hydroboration-bromination of IO-undecenyl acetate was used for all cases involving the addition of bromine, 
followed by sodium methoxide (Procedure A). The hydroboration was carried out in a manner similar to that 
described for b-pinene using 32 g (150 mmol) of IO-undecenyl acetate, 19.5 mL of a 2.58-M solution of borane 
(150 mmol of hydride) in THF and 75 mL of THF. After adding 1 mL of methanol to destroy any excess hydride, 

the reaction flask was cooled to -1oOC to O°C with an ice-salt bath. Bromine (10 mL, 200 mmol) was added at 

such a rate that the reaction mixture was maintained below O°C, followed by the dropwise addition of sodium 
methoxide in methanol (60 mL of a 4.16 M solution, 250 mmol) over a period of 30 min. Isolation and vacuum 

distillation of the above reaction product gave 33.9 g (77%) of 1 I-bromoundecyl acetate: bp 126-127OCAl.65 mm 

[lit.32 bp 140-143°C/l.0 mm]; r?D 1.4631 [Iit.32 n25D 1.46201. 
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