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Our results demonstrate that  hydrogen bromide addition 
to l a  and l b  is regiospecific as well as stereospecific, 
whereas the addition of IC is nonregiospecific. The most 
convincing rationale of our results is depicted in Scheme I. 
We suggest that  l a  or lb  reacts with hydrogen bromide in a 
reversible process to form the corresponding unstable a- 
proton complex (2a or 2b), which readily breaks up to form 
a planar resonance stabilized a-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 sing. In the case 
of IC we argue that the a-proton complex (2c) is stable, and 
it is attacked by the nucleophile (Br-) both a t  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 represent 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-~yclotridecadiene 
(IC) resembles that of simple 1,3-disubstituted acyclic al- 
le ne^.^ 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 Me&. The mass spectral measurements were per- 
formed by the Mass Spectrometry Laboratory, National Chemical 
Laboratory, Pooma, India. The gas-liquid chromatography utilized 
a Varian Model 90-P gas chromatograph with a thermal conductiv- 
ity detector. Elemental analyses were performed by the Microanal- 
ysis Laboratory, Department of Chemistry, Indian Institute of 
Technology, Kanpur 208016, 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 40-60O). The 
combined extract was washed thoroughly with water and dried 
over anhydrous MgS04. Removal of solvent and distillation under 
vacuum gave the monobromo adduct. 

Addition of Hydrogen Bromide to 12-Cyclononadiene. 
From 1,2-cyclononadiene (6.1 g, 0.05 mol) and hydrogen bromide 
(0.055 mol), there was obtained 8.8 g (86%) of cis-3-bromocyclono- 
nene: bp 87-88O (5 mm) [lit.5 bp 34-35' (0.05 mm)]; ir (neat) 2018, 
1635, and 710 cm-l; NMR (CDC13) 6 5.60 (m, 2 H), 5.00 (br m, 1 
H), and 1.00-2.40 (m, 12 H). 

Anal. Calcd for CgH16Br: C, 53.20; H, 7.39. Found: C, 53.41; H, 
7.21. 

Addition of Deuterium Bromide to 1,Z-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 (CDC13) 6 5.60 (m, 
1 H), 5.00 (br m, 1 H), and 1.00-2.40 (m, 1 2  H); mass spectrum m/e 
203 and 205 (M+) of almost equal intensity. 

Addition of Hydrogen Bromide to 1,Z-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 86-87O (3 mm)]; ir (neat) 
2018, 1634, and 712 cm-'; NMR (CDC13) 6 5.58 (m, 2 H), 5.00 (br 
m, 1 H), and 1.00-2.42 (m, 14 H). 

Anal. Calcd for ClOH17Br: C, 55.30; H, 7.83. Found: C, 55.13; H, 
7.71. 

Addition of Hydrogen Bromide to 1,Z-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., looo, 
30 ml/min Nz) 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  sample^.^.^ 

An authentic sample of 3-bromocyclotridecene was prepared 
from cyclotridecene (cis and trans mixture) and N-bromosuccini- 
mide:5 ir (neat) 2014, 1636, 970, and 710 cm-'; NMR (CDC13) 6 
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:6 ir (neat) 
2016, 1636, 850, and 820 cm-l; NMR (CDC13) 6 5.50 (t, J = 7.0 Hz, 
1 H) and 0.98-2.54 (m, 22 H). 

Anal. Calcd for C13H23Br: C, 60.23; H, 8.88. Found: C, 59.98; H, 
8.50. 

Registry No.-la, 1123-11-1; lb, 4415-98-9; IC, 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 a1.l 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 a t  determining 
the reactivity of some l,4-benzothiazines of structure l2  we 
observed that their treatment with NaBH4, 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 = CH3) (Scheme I) depending on the amount of NaBH4 
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 
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Scheme I 

Notes 

Table I 
Results Obtained According to Procedure A 

R, - N - R 2  

- CH2-R 

R,-NH R 2  + RCOOH + N a 0 H 4  -_ 

5 

--_ _ _  
4 -'. 

6 
- R1-  N - R 2  

CO-R 

a) R, = C ~ H ~  ; R ~ =  H 

b) Rl = C6 H5 ; R 2 =  CHg d) R1 I R 2 =  -CHZ[CH211CH2- 

c) R1 = R 2  = C6 H 5  e) R , =  R 2 =  g - C 4 H 9  

R l - O H  + RCOOH + HaOHq - R 1 - 0 - C O - R  

7 8 

several liquid carboxylic acids; invariably the correspond- 
ing N-alkyl derivatives were obtained (Table I). 

We noticed that by adding the amine to the NaBH4-car- 
boxylic acid mixture previously refluxed for 3 hr, further 
heating for a period of 3 hr leads to the formation of N-acyl 
derivatives 6; addition of an alcohol or a phenol (7), in the 
place of the amine, yields, under the same conditions, the 
corresponding esters 8. 

In separate experiments, the volume of HZ1t3 evolved on 
addition of NaBH4 to neat acetic acid was measured. The 
results of a number of experiments indicate that 3 mol of 
HP per mole of NaBH4 is immediately evolved a t  20', while 
approximately a fourth mole of HP i s  evolved very slowly a t  
20°, and more rapidly on heating at 80'. 

The remarkable ease and usefulness of this direct meth- 
od of alkylating amines by means of the corresponding car- 
boxylic acid has induced us to study the possibility of per- 
forming N-alkylations even with solid carboxylic acids dis- 
solved in suitable solvents. In fact, it is clear from what has 
been reported so far that  the method appeared limited to 
the use of liquid carboxylic acids. I t  was first checked that 
the stoichiometry of the evolution of hydrogen was not 
changed when NaBH4 and carboxylic acid in the molar 
ratio 1:5 were allowed to  react in solvents such as benzene 
or toluene; in fact, 3 mol of hydrogen per mole of NaBH4 
was evolved a t  20°, and approximately a fourth mole on 
heating under reflux. A certain number of reactions have 
therefore been performed in benzene yielding the N-alkyl 
derivatives 5 (Table 11). 

The addition of NaBH4 to solutions of the acids in ben- 
zene causes, in general, the formation of insoluble com- 
pounds very sensitive to moisture. We have isolated those 
from formic, acetic, monochloroacetic, and benzoic acid; 
these are high-melting solids (except that  obtained from 
monochloroacetic acid, which decomposes a t  120-125'); 

Reactants 

Substrate Carboxylic acid Reaction products Yield, % 

l a  
l b  
la  
IC 
2a 
2c 
4c 
4d 
4e 
4a 
4 C  
4d 
7a 
7b 

Acetic 
Acetic 
Acetic 
Acetic 
Acetic 
Formic 
Acetic 
Acetic 
Acetic 
Propionic 
Acetic 
Propionic 
Acetic 
Acetic 

2a 
2b 
3a (R = CH,) 
3C (R = CH,) 
3a (R = CH,) 
3C (R = H) 
5C (R = CH,) 
5d (R = CH,) 

6a (R = C,H,) 
BC (R = CH,) 
6d (R = C,H,) 

8b (R = CH,) 

5e (R = CH,) 

8a (R = CH,) 

Table I1 
Results Obtained According to Procedure B 

60 
95 
95 
75 
95 
70 
95 
60 
80 
95 
40 
60 
50 
95 

Reactants 

Substrate Carboxylic acid Reaction products Yield, % 

4a Acetic 5a (R = CH,) 30 
4a Propionic 5a (R = C,H,) 60 

4a Propionic 

4b Propionic 5b (R = C,H,) 6 5  
4b Palmitic 5b (R = CI,H,,) 70 
4b Benzoic 5b (R = C6H,) 20 
4c Acetic 5C (R = CH,) 70 
4c Propionic 5C (R = C,H,) 35 
4c Palmitic 5C (R = C,,H,i) 25 
4c Monochloroacetic 5c (R = CH,Cl) 35 
4c Monochloroacetic 5c (R = CH,Cl) 90b 

a Reaction carried out with a molar ratio BHd-:substrate of 10:l. 
Molar ratio BHd-mbstrate 5 : l .  

R = CZH, 
5 R, = C6H, 90" 1 RZ = n-C3H7 

Table I11 
Results Obtained According to Procedure C 

Reactants 

Substrate Carboxylic acid Reaction products Yield, % 

4b Benzoic 5b (R = C,H,) 90' 
4c Acetic 5c (R = CH,) 80 
4c Monochloroacetic 5c (R = CH,Cl) 100 

2,2'-Dithio- Acetic N,N'-Diethyl 90b 

2,2'-Dithio- Benzoic iV,N'-Dibenzyl 70b  
d ianiline derivative 

dianiline derivative 
a Reaction carried out in toluene under reflux for 15 hr. 

tion carried out with a molar ratio BH4-:substrate of 1O:l. 
Reac- 

their ir spectrum exhibits a B-H band between 2480 and 
2530 cm-l and two bands in the carbonyl zone. By treat- 
ment with water, they rapidly evolve Hz, and yield the car- 
boxylic acid and boric acid in the molar ratio of 2:1, as 
shown by volumetric5 and potentiometric6 titrations; a 
third mole of carboxylic acid can be freed by addition of 
strong acids to the hydrolysis reaction mixture. 

These products are capable of carrying out N-alkylation 
reactions, when reacted with amines in solvents such as tol- 
uene or benzene (Table 111). 
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While the results so far available can hardly be regarded 
as conclusive, we feel that  the experimental data support 
the assignment of the triacyloxymonohydroborate struc- 
ture Na[(RC00)3BH] (9) to the N-alkylating species we 
have isolated. This structure agrees with the results of the 
hydrolysis: in fact, i t  is obvious that on treatment with 
water 1 mol of 9 necessarily gives 1 mol of Hz, 1 mol of 
boric acid, 2 mol of carboxylic acid, and 1 mol of the sodi- 
um salt of the carboxylic acid and therefore tha t  the addi- 
tion of a strong acid is required to displace the third mole 
of carboxylic acid from the sodium salt. Furthermore, the 
structure 9 fits the ir spectroscopic data. In particular, the 
observed high frequency of B-H stretching bands seems 
appropriate for borohydrides, that  can be looked a t  as ad- 
ducts of poor Lewis acids like the acyloxyboranes of the 
present case. This interpretation is consistent with the re- 
sults in the paper by Rice et  al.,7 correlating the increase in 
B-H stretching frequency of borane adducts with their 
lowered stability. 

Species 9 can form an aldehyde by intra- or intermolecu- 
lar hydride reduction; indeed, we have obtained benzyl al- 
cohol on refluxing 9 (R = C6Hb) for 20 hr in toluene and p- 
monochloroethyl monochloroacetate on refluxing 9 (R = 
CHZC1) for 6 hr in benzene. Furthermore, we found tha t  all 
species isolated from NaBH4 and carboxylic acids are capa- 
ble of reducing iminium cations. These results seem to sup- 
port the reaction pathway suggested by Gribble et  a1.l 

Concerning the nature of acylating species, the evolution 
of 4 mol of Hz per mole of NaBH4 can be reasonably as- 
cribed to the formation of a tetracyloxyborate Na[B(O- 

However, under the experimental conditions used, it is 
possible that species such as 10 decompose into RCOONa 
and B(OCOR)3, whose acylating ability has been re- 
ported.1,8 

Experimental Sectiong 
N-Alkylation Reactions in Neat Carboxylic Acids. Proce- 

dure A. NaBH4 (0.1 mol) was added portionwise to neat carboxyl- 
ic acid (30 ml), the temperature being kept at 20'; when the lively 
evolution of Hz had ceased, the amine (0.02 mol) was added. The 
reaction mixture was heated at 80' for 3 hr, cooled at room tem- 
perature, made alkaline with 2 N NaOH, and extracted with 
CHzClZ. The organic layer was separated, dried (Na2S04), and 
evaporated; PLC of the residue [light petroleum ether-ethyl ace- 
tate (9:l) as solvent] gave the corresponding N-alkyl derivative. 
The results obtained are reported in Table I. 

4-Ethyl-2,2-dimethyl-3-phenyl-3,4-dihydro-2~-benzo[ b]- 
[l,l]thiazine (3a, R = CH3): mp 103-104' (2-propanol); NMR 
(CDCl3) 6 7.6-6.6 (group of signals, 9 H, aromatic H), 4.27 (s, 1 H, 
C3 H), 3.8-3.0 (m, 2 H, CH2), 1.52 (8, 3 H, CZ CHs), 1.12 (s, 3 H, C2 
CH3), and 1.12 ppm (t, 3 H, CH3). 

1 l-Ethyl-5a,6,7,8,9,1O,lOa,ll-octahydrobenzo[ blcyclohep- 
ta[ e][ 1,llthiazine (3c, R = CH3): bp 120-122' (0.05 Torr); NMR 
(cc14) 6 7.3-6.4 (group of signals, 4 H, aromatic H), 3.7-3.0 (group 
of signals, 4 H, NCHz + Csa H + Cloa H), and 2.5-0.8 ppm [group 
of signals, 13 H, CH3 + (CHZ)~]. 
11-Methyl-5a,6,7,8,9,10,lOa,ll-octahydrobenzo[ blcyclohep- 

ta[ e][ Lllthiazine (3c, R = H): mp 56-57' (EtOH); NMR (CC14) 
6 7.2-6.5 (group of signals, 4 H, aromatic H), 3.8-3.5 (m, 1, C1oa H), 
3.5-3.3 (m, 1 H, C k a  H), 2.87 (s, 3 H, CHa), and 2.4-1.2 ppm [group 
of signals, 10 H, (CHZ)~]. 

In the case of the imines 1, if the above procedure (A) is modi- 
fied by allowing NaBH4 and benzothiazine to react in the molar 
ratio 1:l and reducing the heating time to 1 hr, the reaction prod- 
ucts are the dihydro derivatives 2.2 

The reaction of NaBH4 with neat carboxylic acids at 20' was ex- 
plored in order to determine the amount of H2 evolved. In several 
experiments, it was found that 3.0 f 0.1 mol of H2 per mole of 
NaBH4 was formed. In a typical run, NaBH4 (0.079 g, 2.1 mmol) 
was added to neat acetic acid (0.8 ml) at 20'; 6.4 mmol of Hz was 
immediately evolved. 

Acylation Reactions in Neat Carboxylic Acids. NaBH4 (0.1 
mol) was added portionwise to neat carboxylic acid (30 ml), the re- 

COR)4], 10. 

action mixture was refluxed for 3 hr, the amine, the alcohol, or the 
phenol (0.02 mol) was added, and the reflux was prolonged for an 
additional 3 hr. By working up as above, the corresponding amide 
or ester was isolated. The results of these reactions are reported in 
Table I. 

The reaction of NaBH4 with liquid carboxylic acids under reflux 
was explored in order to determine the amount of HZ evolved. In 
several experiments, it was found that 3.8 f 0.1 mol of Hz per mole 
of NaBH4 was formed. In a typical run, NaBH4 (0.125 g, 3.3 mmol) 
was added to neat acetic acid (1.5 ml); after reflux for 3 hr, 12.7 
mmol of H2 was evolved. 

N-Alkylation Reactions in Benzene Solution. Procedure B. 
NaBH4 (0.1 mol) was added to a solution of the carboxylic acid 
(0.33 mol) in dry benzene (50 ml), the temperature being kept at 
20°. When the evolution of Hz had ceased, the amine (0.05 mol) 
was added, and the reaction mixture was refluxed for 3 hr, cooled 
at room temperature, and shaken with 2 N NaOH. The organic 
layer was separated, dried (NazSOd), and evaporated; PLC of the 
residue [light petroleum ether-ethyl acetate (9:l) as solvent] gave 
the corresponding N-alkyl derivative. The results obtained are re- 
ported in Table 11. It should be noted that the reported yields were 
not optimized; in fact, better yields can be attained by raising the 
BHd-:substrate molar ratio and/or the refluxing time, as shown in 
the case of 5c (R = CHZCl), which was obtained in 90% yield using 
a molar ratio BHr-:substrate of 51. 
N-(2-Chloroethyl)-N-phenylaniline (5c, R = CHzCl): bp 

110-112' (0.1 Torr); NMR (CCld) 6 7.2-6.9 (group of signals, 10 H, 
aromatic H) and 4.3-3.5 ppm (group of signals, 4 H, -CHzCHz-). 
N-Hexadecyl-N-phenylaniline (512, R = CL5H31): mp 43-44' 

(EtOH); NMR (CC14) 6 7.6-6.9 (group of signals, 10 H, aromatic 
H), 3.78 (t, 2 H, NCHz), and 2.0-0.6 ppm (group of signals, 31 H, 
aliphatic H). 

The reaction of NaBH4 with solutions of carboxylic acids in dry 
benzene or toluene at 20' was explored in order to determine the 
amount of Hz evolved. In several experiments, it was found that 
3.0 f 0.1 mol of H2 per mole of NaBH4'was formed. In a typical 
run, NaBH4 (0.144 g, 3.8 mmol) was added to a solution of acetic 
acid (1.5 ml) in dry toluene (10 ml) at 20'; 11.1 mmol of H2 was 
evolved. 

Sodium Triacyloxymonohydroborates, 9. NaBH4 (0.1 mol) 
was added portionwise to a solution of the carboxylic acid (0.33 
mol) in dry benzene (1 l.), the temperature being kept at 20'. After 
hydrogen evolution, the precipitate 9 was rapidly collected by suc- 
tion, washed with ethyl ether, and dried under vacuum. Com- 
pounds 9 do not melt up to 300°, except for 9 (R = CHzCl), which 
decomposes at 120-125'. 

9 (R = CHZCl): ir 2530 (B-H) and 1735,1685 cm-l (C=O). 
9 (R = H): ir 2480 (B-H) and 1680 cm-I (broad band, C=O). 
9 (R = CH3): ir 2480 (B-H) and 1660 cm-I (broad band, C=O). 
9 (R = C&,): ir 2490 (B-H) and 1670,1635 cm-' (C=O). 
A suspension of 9 (R = C6H5) in dry toluene (50 ml) was re- 

fluxed for 20 hr and cooled at room temperature, and the solid was 
filtered off. The presence of benzyl alcohol in the filtrate was mon- 
itored by vapor phase chromatography. Similarly, @-monochlo- 
roethyl monochloroacetate was formed by refluxing a suspension 
of 9 (R = CHZCl) in dry benzene for 6 hr, and monitored by vapor 
phase chromatography. 

Compounds 9 are capable of reducing imonium cations. In a typ- 
ical run, 9 (R = CH3) (0.22 g) was added to a stirred suspension of 
la HCl (0.29 g) in dry benzene (50 ml) at room temperature. ACter 
10 min, the reaction mixture was shaken with 2 N NaOH, and the 
organic layer was separated, dried (NaZSOd), and evaporated to 
give 2a (0.25 9). 

Hydrolysis of the Triacyloxymonohydroborates 9. On reac- 
tion with an excess of water, 9 promptly release hydrogen; in a typ- 
ical run, 0.400 g of 9 (R = C6H5) (1.00 mmol) evolves 0.98 mmol of 
Hz. 

The hydrolysis mixtures were examined by potentiometric titra- 
tion with 0.1 N NaOH; a molar ratio of carboxylic acid to boric 
acid of 1.95 f 0.051 was determined. 

In the case of benzoic acid derivative (9, R = C&,) a gravimet- 
ric determination was also accomplished. 9 (R = C&) (3.91 g) was 
hydrolyzed in hot water (150 ml); after cooling, the reaction mix- 
ture was extracted with CCL, and the organic layer was separated, 
dried (NazSOd), and evaporated; a residue of benzoic acid (2.26 g) 
was obtained. The aqueous layer was strongly acidified with HC1, 
and extracted with CCL; the organic phase was separated, dried 
(NazS041, and evaporated; a residue of benzoic acid (1.25 g) was 
obtained. 

N-Alkylation Reactions Carried Out with 9. Procedure C. 
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T h e  amine and 9 in the  molar  ra t io  1:5 were ref luxed in dry ben- 
zene for 6 hr. By work ing up as for the  above procedure (B) the 
corresponding N - a l k y l  derivatives were isolated. T h e  results ob- 
tained are reported in Table 111. 
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6c (R = CH3), 519-87-9; 6d (R = CzHj), 14045-28-4; 7a, 135-19-3; 
7b, 91-01-0; 8a (R = CH3), 1523-11-1; 8b (R = CH3), 954-67-6; 9 (R 

56553-61-8; 9 ( R  = C&,) ,  56553-62-9; acetic acid, 64-19-7; formic 
acid, 64-18-6; propionic acid, 79-09-4; palmi t ic  acid, 57-10-3; ben- 
zoic acid, 65-85-0; monochloroacetic acid, 79-1 1-8; 2,2’-dithiodiani- 
line, 1141-88-4; N,N’-diethyl-2,2’-dithiodianiline, 56553-70-9; 
N,N’-dibenzyl-2,2’-dithiodianiline, 56553-71-0. 
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From the cuticle of sexually mature female German 
cockroaches (Bla t te l la  germanica) ,  Ishii and coworkers re- 
cently isolated a contact chemoreceptive agent, identified 
as 3,11-dimethyl-2-nonacosanone ( I ) ,  which was shown to 
elicit typical courting behavior, including wing raising, in 

males.2 As part of a program of research on the properties 
and functions of cockroach  pheromone^,^ we undertook 
and now describe a synthesis of 1. After completion and 
submission of this work for publication, an account with 
limited experimental details of a synthesis of 1 along some- 
what similar lines by Ishii and coworkers appeared? 

CH3 CH3 
I I 

nC,sH37CH(CH2)761HCOCH3 
1 

As starting material in our synthesis we employed 8-oxo- 
nonanoic acid (2)) prepared from e-caprolactone by modifi- 
cations of the route of Kameoka et  al.5 via 6-bromohexa- 
noic acid, esterification, and acetoacetic ester synthesis. 
Treatment of the methyl ester 3 in polar solvent with the 
Wittig reagent derived from octadecyltriphenylphosphon- 
ium bromide gave, in 48% yield, methyl 8-methyl-8-hexa- 
cosenoate (4)) apparently mainly (by GLC) the 2 isomer.6 
Hydrogenation of 4 afforded the saturated ester 5, which, 
after LiAlH4 reduction to the corresponding alcohol 6 and 
conversion into the bromide 7, was used to alkylate diethyl 
methylmalonate. Hydrolysis of the resulting diester 8 and 
decarboxylation of the acid 9 gave 2,10-dimethyloctacosa- 
noic acid (lo),  which, with two widely separated asymmet- 
ric centers, was undoubtedly a mixture of the two possible 
diastereoisomers. Treatment of 10 with 2 mol of methylli- 
thium then furnished the desired ketone 1, mp 28-31O (lit.4 
29-31’), in 50% overall yield from the Wittig product 4. 

CH3 I 
CH,CqCH2)&02R nC17H&H=C(CH&CO&!HS 

2,R-H 4 
3,R = CH, 

CH3 
I 

I 
R2 

5, R = C02CH, 
6, R = CHzOH 
7, R = CHzBr 

8, R, = Rz = COzC2H, 
9, R, = Rz = COBH 

10, R1 = C02H; & = H 

CH3 I 
nG18H37dHCOCH3 

11 

Although spectral data indicate that the synthetic and 
natural ketones are structurally identical, our method of 
synthesis, like that of Ishii and coworkers,4 undoubtedly af- 
forded a mixture of the two possible diastereoisomers of 1. 
It  is not surprising, therefore, that  the natural product has 
a different melting point (45-46’), even though it appears 
to be optically i n a ~ t i v e . ~ . ~  

Previous studies have shown that courting behavior in 
the German cockroach includes antennation (antennal 
stroking) of the female by the male, presumably allowing 
the latter to perceive sex pheromone on the cuticular sur- 
face of the female.7 In our bioassay of synthetic 1 we used 
antennae ablated from American cockroaches (Per ip laneta  
americana)  to eliminate any possible stimuli associated 
with German cockroach antennae. Control antennae, 
dipped only in carbon tetrachloride, evoked no response. 
Antennae dipped in a 70 wg/ml solution of synthetic 1 in 
carbon tetrachloride elicited typical wing raising and other 
features of courting display7 in 5% of a group of males ( n  = 
60) kept isolated from females. A t  a higher concentration of 
500 pg/ml the response was 70% in a group of isolated 


