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PREPARAT I ON OF w-  BROMOALKAN- 1 -0L S FROM a, w - ALKANED I OL S 

BY THE CONTINUOUS EXTRACTION METHOD 

Submitted by F. Camps*, J. M. Casamor, J. Coll, A. Guerrero 
(11/12/82) and M. Riba 

Instituto de Quimica Bio-Organica 
Jorge Girona Salgado, s/n. 
Barcelona-34, SPAIN 

Conversion of symmetr ical  a,w-alkanediol  s i n t o  t h e  corresponding w-ha- 

loalkan-1-01s i s  a bas i c  r e a c t i o n  f o r  p r e p a r a t i o n  o f  i n te rmed ia tes  i n  t h e  
syn thes i s  o f  pheromones.' T h i s  t r a n s f o r m a t i o n  has been conducted ma in l y  on 
a smal l  sca le  by a p p l i c a t i o n  o f  t h e  s o l i d  phase syn thes i s  procedure,2 by 
s e l e c t i v e  f o r m a t i o n  o f  alkoxyphosphonium s a l t s  o r  by use o f  t h e  con t inu -  

ous e x t r a c t i o n  method i n  l a r g e  sca le   preparation^.^ However, t o  our know- 
ledge, a sys temat ic  s tudy  o f  t h e  r e a c t i o n  c o n d i t i o n s  t o  op t im ize  t h e  l a t -  

t e r  procedure has no t  been undertaken. Moreover, t h e  a p p l i c a t i o n  o f  t h e  
r e a c t i o n  t o  t h e  p r e p a r a t i o n  o f  4-bromobutan-1-01 and 5-bromopentan-1-01 

has, s u r p r i s i n g l y ,  no t  been descr ibed. We r e p o r t  h e r e i n  t h e  r e s u l t s  o f  our  
s tudy  f o r  t h e  complete s e r i e s  o f  a,w-alkanediols f rom n = 4 t o  n = 10. I n  
a d d i t i o n  we have used one o f  t h e  compounds prepared, 10-bromohexan-1-01, 

f o r  t h e  syn thes i s  o f  (Z)-13-hexadecen-l1 - yny l  ace ta te ,  a ma jor  component 
o f  t h e  sex pheromone o f  t h e  process ionary  moth Tlrawnetopea pityocampa 

(Deni s and Schiff .)  (Lepidoptera,  Notodont idae).  

3 

5-7 

HO(CH2),,0H + HBr + HO(CH2)nBr n = 4-10 

The r e a c t i o n  was c a r r i e d  ou t  by h e a t i n g  a m i x t u r e  o f  48% aqueous H B r  

and t h e  d i o l  i n  a g i ven  r a t i o ,  i n  a cont inuous  e x t r a c t i o n  system us ing  
n-heptane as so l ven t ,  except f o r  n = 4 where t o l u e n e  was more s u i t a b l e .  
Ana lys is  o f  an a l i q u o t  o f  t h e  r e a c t i o n  m i x t u r e  a l lowed us t o  mon i to r  t h e  

progress o f  t h e  convers ion  o f  t h e  d i o l  i n t o  t h e  d e s i r e d  w-bromoalkan-1-01 
(GLC on OV-101 column); t h e  r e s u l t s  a r e  summarized i n  Tab le  1.  

- 
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TABLE 1. Format ion o f  w-Bromoalkan-1-01s f rom a,w-Alkanediolsa 

En t ry  n D i  01 : HBr ( h r s )  Y i e l d ( % )  i k a l !  Produc t (%)  
Molar R a t i o  Time Crude D i  s t i  11 ed 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

4 
4 

4 
4 
5 
5 
6 
7 
8 
9 
9 

10 
10 
10 

1 :3 
1 :6 
1 :3' 
1 :3c,d 
1 :1.5 

1 :3 
1 :3 
1 :3 
1 :3 
1 :3  
1 :6 
1 :g f  
1 :9 
1 :12 

40 
14 

7 

168 
86 
86 
63 
87 
64 
86 
24 
24 
24 
24 

27 
32 
38 

58 
47 
66 
91 
83 
92 
86 
98 
40 
87 
90 

86:14 
53:47 
68 : 32 
99 : l  
92:B 
94.6 
95:5 
95:5 
95:5 
97:3 

98:2 
95:5 
98:2 
92:8 

a. So lvent  i s  heptane and temperature 80" unless o therw ise  noted. b. R a t i o  
o f  monobromo:dibromo d e r i v a t i v e .  c. So lvent :  to luene.  d. 40". 
e. The crude 4-bromobutan-1-01 ob ta ined was chromatograph ica l l y  and spec- 
t r o s c o p i c a l l y  pure, however, at tempts t o  d i s t i l  t h i s  m a t e r i a l ,  even i n  t h e  
presence o f  sodium carbonate, d i d  n o t  y i e l d  t h e  expected produc t ,  p robab ly  
due t o  c y c l i z a t i o n  t o  te t rahyd ro fu ran .  f .  92'. 

It must be emphasized t h a t  t h i s  procedure i s  e s p e c i a l l y  convenient 
f o r  t h e  p r e p a r a t i o n  o f  5-bromopentan-1-01 (normal ly  prepared by more com- 
p l e x  and/or longer  methods4 f rom r e a d i l y  access ib le  m a t e r i a l s .  Y i e l d s  f o r  
n a 6 were g e n e r a l l y  h ighe r  than  80% o f  d i s t i l l e d  m a t e r i a l  and p u r i t y  b e t -  
t e r  t han  95% was achieved. 

EXPERIMENTAL SECTION 

Gas chromatographic analyses were performed on a Car lo  Erba Fractovap 2350 
gas chromatograph equipped w i t h  a f lame i o n i z a t i o n  d e t e c t o r  us ing  3% OV-101 
and 5% FFAP on Chromosorb W 2m x 1/8" g l a s s  columns, ope ra t i ng  a t  a n i t r o -  
gen f l o w  r a t e  o f  18 ml/rnin. D i o l s  were purchased f rom commercial sources 
and were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  I R  spec t ra  were recorded i n  
carbon t e t r a c h l o r i d e  on Per i n  Elmer 257 and 3998 spectrometers and absorp- 

c h l o r i d e  o r  deu te r ioch lo ro fo rm on a Perk in  Elmer R12B ins t rument  ope ra t i ng  
a t  60 MHz and values are  expressed i n  6 sca le  r e l a t i v e  t o  TMS. 1% NMR 
spec t ra  were taken i n  deu te r ioch lo ro fo rm us ing  TMS as i n t e r n a l  standard on 
a Bruker WP8OSY spectrometer.  The s igna ls ,  i n  ppm, were assigned by compa- 
r i  son w i t h  c a l c u l  a ted  Val ues ( i n  paren thes i  s 1. 

t i o n s  are  expressed i n  cm- r . 'H NMR spec t ra  were recorded i n  carbon t e t r a -  
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TABLE 2. Physical and Spectral Data o f  w-Eromoalkan-1-01s 
Compound 
bP * 
(lit.)"C 

Br ( CH2 ) 50H 

(117"/20 I W I I ) ~ ~  

47-5C3/0.05 IWII 

Br(CH2)60H 

(105-6"/5 m)" 
60-2"/0.03 IWII 

Pr(CH2)gOH 

(113"/0.7 rmn)4a 
90-2"/0.07 mn 

Br (CH2) oOH 
99-101"/0.07 IIVII 
(169"/10 m)13 

IR 'H nmr 3~ nmr 

3620 C1 61.5(61.5), C2 30.8 
3340 3.40 (t. 3H 5=6 .5  H,, rH20H) (30.8). C3 29.1(28.8'. 
1055 2.15 ( s ,  lH, OH) C4 33.4(33.0). 

3620 

3.60 (t, 3H 5.6.0 Hz. CH2Br) 

645 2.3-1.2 (m, 4H. CHZCH2) 
3.52 (t, 3H 5.6.0 Hz. Cd2Br) C1 62.3(62.8), C2 313 

1050 4.60 (5 ,  lH, OH) C4 32.3(32.1), C5 33.4 

3625 4.26 ( 5 ,  1H. OH) C1 62.3(62.7), C2 322 
3320 3.50 ( t ,  3H J.6.0 Hz, CH2Br) (32.71, C3 24.7(25.3), 
1050 C4 27.7(27.8), C5 32.5 
640 2.1-1.15 ( m ,  8H, CCHZC) (32.7), C6 33.5(32.7). 
3630 3.70 ( s .  lH, OH) C1 62.6(62.8), C2 324 
3331' 3.50 ( t ,  3H 5-6.0. CH2Br) (32.61, C3 25.5(266), 
1060 3 . 2 5  \t, 3H 516.5 Hz, CH20H) c4 28-o(28*3)9 c5 2a4 

(28.6). C6 32.6(32.6), 

3625 4.03 (5 ,  IH, OH) C1 62.2(62.8). C2 322 

1055 3.32 (t, 3H.J.6.5 Hz, CH20H) C4 28.9(29.9), C5 284 
650 2.1-1.1 ( m ,  12H. CCH,C) (29.11, C6 27.8(28.4) 

C7 32.5(32.6), C8 335 

3630 3.60 (s, 1H. OH) Cl 61.7(62.8), C2 321 
3340 3.55 (t. 3H 5.6.0 Hz, CH2Br) (32.61, C3 25.2(26.4). 
1055 3.35 (t. 3H 5.6.5 Hz. CH20H) C4 28.8(30.4), c5288 
650 2.7-1.1 (m, 14H, CCH2C) (29.4), C6 28.1(28.9), 

C7 27.6(28.4), C8 323 
(32.61, Cg 33.1 (33.7). 

3630 2.65 ( s .  lH, OH) C1 62.5(62.9). C2 326 
3340 3.50 (t, 3H 5.6.0 Hz, CH28r) 132.8). Cj 25.6(26.6), 
1050 3.32 ( t ,  3H 5-6.5 Hz, CH20H) C4 29.2(29.7). C5292 
650 2.2-1.1 (m. 16H, CCH2C) (30.1). C6 29.2(30.1), 

(28.2). Cg 32.6(32.8), 

3340 3.35 (t, 3H 5-6.5 Hz, CHZOH) (31.61, C3 24.2(24.8'. 

640 2.25-1.15 ( m ,  6H. CCH2C) (34.3). 

3.40 (t, 3H 5-6.5 Hz,  CH20H) 

650 2.1-1.2 (m, 10H. CCH2C) 
c7 33.7(33.7)* 

3330 3.45 (t. 3H J-6.0 HZ. CH28t-1 (32.6), C3 25.4(26.4), 

(33.7). 

c7 28.5(29.2). c8 zao 

Cl0 33.5(33.7). 

React ion o f  a,w-Alkanediols w i t h  48$ Hydrobromic Acid.  P repara t i on  o f  5- 
-Bromopentan-1-01 as Representa t ive  Procedure ( E n t r y  6) .- I n  a cont inuous  
l i q u i d - l i q u i d  e x t r a c t i o n  system o f  250 m l  capac i t y ,  s i m i l a r  t o  t h a t  des- 
cribed!' were p laced 7.70 g .  (74  m o l e s )  o f  1,5-pentanediol ,  25 m l  o f  48% 
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HBr (222 mmoles) and 225 m l  o f  n-heptane. I n  t h e  d i s t i l l i n g  f l a s k  were r e -  

f l u x e d  200 m l  o f  - n-heptane so t h a t  t h e  condensing s o l v e n t  pass ing  th rough 
t h e  i n t e r n a l  f unne l  bubbled i n t o  t h e  aqueous phase,thus a l l o w i n g  e x t r a c t i o n  

o f  t h e  brominated compound and p reven t ing  t h e  f o r m a t i o n  o f  t h e  correspon- 
d ing  d i h a l i d e .  The i n t e r n a l  f unne l  was sea led  i n  t h e  fo rm o f  a smal l  b u l b  
w i t h  twe lve  1-2 mm ho les  and r e s t e d  on t h e  bottom o f  t h e  f l a s k .  The aqueas 
l a y e r  was main ta ined a t  80" (ba th  tempera ture)  and t h e  d i s t i l l i n g  f l a s k  
was kep t  a t  120-130" (ba th  tempera ture)  so t h a t  a t o t a l  o f  100-200 bubbles 

per minu te  passed th rough t h e  r e a c t i o n  m i x t u r e .  The so l ven t  was renewed 
every  24 h u n t i l  no s i g n i f i c a n t  amount o f  o rgan ic  m a t e r i a l  was recovered. 
The organ ic  phases were combined, washed w i t h  s a t u r a t e d  sodi  um b icarbonate  

s o l u t i o n  and d r i e d  over magnesium s u l f a t e .  The s o l v e n t  was removed under 
vacuum t o  leave a r e s i d u e  which a f t e r  d i s t i l l a t i o n  a t  reduced pressure  
(47-50"/0.05 mm) y i e l d e d  7.44 g. (60%) o f  5-bromopentan-1-01 , contaminat -  

ed w i t h  6% o f  t h e  cor respond ing  lY5-d ib romopentane ( r e t e n t i o n  t i m e  5.1 min. 
a t  110" column temperature on OV-101 3% on Chromosorb W ) .  

Acknowledgement.- F i n a n c i a l  suppor t  f rom ComisiBn Asesora de I n v e s t i g a c i 6 n  
T i e n t i f i c a  y T k n i c a  (Grant ne 3296-79) i s  g r a t e f u l l y  acknowledged. 
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AN IMPROVED PROCEDURE FOR THE OXIDATION 

OF 2,5- AND 5,6-DIHALO-3-METHYLPYRIDINES 

Submitted by F. L. S e t l i f f * ,  W .  R. Hu ie  and R. L. Adam 

Department o f  Chemistry 
U n i v e r s i t y  o f  Arkansas a t  L i t t l e  Rock 
L i t t l e  Rock, Arkansas 72204 

0 

Oxidat ions  o f  2,5- and 5,6- dihalo-3-methylpyridines t o  t h e  respec- 

t i v e  2,5- and 5,6- d i h a l o n i c o t i n i c  ac ids  w i t h  aqueous potassium 

permanganate proceed i n  low y i e l d s  (10-50%)'-5. 

butylamnonium permanganate (TBAP) i n  p y r i d i n e 6  s i g n i f i c a n t l y  improves 

t h e  y i e l d s  o f  t h e  aforementioned o x i d a t i o n s  (Tab le  1 ) .  

The use o f  t e t r a -  

I R" 0 pyridine, 75-80' R''aR' I 1  

R '  (BU ) 4 ~ + ~ ~ 4 -  

R 

a) a) R = C1; R '  = Br; R" = COOH 
b) b )  R = Br; R '  = Br; R" = COOH 
c) c) 
d) d) R = C1; R' = COOH; R "  = Br 
e) e) R = Br; R '  = COOH; R" = Br 
f) f) R = F; R'  = COOH; R" = Br 

g) g) R = Cl; R '  = COOH; R" = I 
h) R = Br; R '  = CH3; R" C1 h) R = Br; R '  = COOH; R" = C1 

Comparative Yields ( % )  o f  Nicotinic Acids (11) from Oxidations 
Method I I a  I I b  I I c  1Id IIe I I f  IIg I Ih  
KMn04 50' 45' 16' 2 5 '  30' 28' 30' 4 3 5  
TBAP 62 72 66 61 64 73 72 60 

R = C1; R '  = Br; R" = CH3 
R = Br; R'  = Br; R" = CH3 
R = Br; R '  = CH3; R" = I 
R = C1; R '  = CH3; R" = Br 
R = Br; R '  = CH3; R" = Br 
R = F; R '  = CH3; R" = Br 
R = C1; R '  CH3; R" = I 

R Br; R '  = COOH; R" = I 

Table 1. 
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