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unusual stability or have been well c h a r a c t e r i ~ e d . ~ l - ~ ~  
The major product isolated from 2 was fluorenone and 
that from 3 was the corresponding epoxide. The results in- 
dicate that dioxetanes were not formed in appreciable 
amounts in these two reactions. The formation of epoxide 
from hindered olefins has been noted before,24 and 3 is 
apparently another such case. 3,3-Pentamethylene-4- 
methyl-l,Z-dioxetane, the dioxetane derived from 4, is 
known to be quite stable a t  -20" but will decompose with 
chemiluminescence a t  higher  temperature^.^^ After 4 was 
ozonated in the presence of TCNE a t  -78", the reaction 
mixture was quickly fractionated a t  -20". Acetaldehyde 
and cyclohexanone, the expected decomposition products 
of the dioxetane, were isolated in separate fractions of the 
distillate, indicating that the dioxetane was not the inter- 
mediate in the formation of products. Therefore, carbonyl 
compounds formed in the ozonation of olefins in the pres- 
ence of TCNE may be derived from the reduction of zwit- 
terion intermediate B during the ozonation (reaction 8). 
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Aren, Zitsmanis, and Valterl have claimed that the 
bromination of 2-phenyl-2-methallylindan-1,3-dione (1) in 
glacial acetic acid produces the tricyclic primary bromide 
4 and that displacement of the bromine in 4 by piperidine 
gives the tricyclic amine 5. Their structure proof was 
based upon incomplete elemental analyses, integrated 
carbonyl absorption in the infrared, and ultraviolet spec- 
tra. 

We have repeated their experiments and find that the! 
correct structures of the bromination product of 1 and itis 
piperidine displacement product are 2 and 3, respectively. 

0 n 

1 2, R = Br 

3, R = - N  3 
0 

OH cH, 'CH,B~ 
4, R = Br 

5, R = -N 3 
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Our results differ from those reported1 in the following re- 
spects. (1) The correct molecular formulas of 2 and 3 were 
established by mass spectrum and complete elemental 
analysis; the difference of a molecule of water from the 
earlier structures 4 and 5 would not be evident from the in- 
complete analyses previously reported. ( 2 )  The nmr spec- 
tra of the products are inconsistent with structures 4 and 
5 because the aliphatic regions show only methylene and 
methyl protons and no vinyl or allylic protons. The exocy- 
clic NCH2 group in 3 appears as an AB quartet in the 
nmr, indicating nonequivalence of the two pro tom2 Mod- 
els indicate that hydrogen bonding between the piperidine 
nitrogen and the tertiary hydroxyl group would be possi- 
ble. (3) The presence of the CH2Br group in 2 is estab- 
lished by its nmr position,3 by the loss of CH2Br in the 
mass spectrum, and by a strong band a t  1250 cm-1 in the 
infrared.4 The formation of product 2 can be accounted 
for through the intermediacy of carbonium ion 6 during 
bromination, and the displacement with piperidine to 
form 3 probably involves the assistance of the hydroxyl 
group in 2. 

Experimental Section5 
2-Phenyl-2-methallylindan-1,3-dione (1) was prepared ac- 

cording t o  the  l i terature1 s 6  in 82% y ie ld  af ter  recrysta l l izat ion 
f r o m  EtOH: mp 97-98"; urnax (CHC13) 1740, 1705, a n d  1240 c m - l ;  
A,,, 342 nm ( c  166), 302 (630), a n d  225 (46,500); 'H nmr 6 8.08- 
7.68 (m,  C6H4), 7.55-7.12 (m,  CeHs), 4.67 (s, vinyl CHz) ,  3.03 (s, 
a l ly l ic  CHz) ,  a n d  1.52 ppm (s, C,H3); mass spect rum m / e  276 
(M+),  261 [(M - CH3)+] ,  233 [(M - C3H7)+ a n d  (M - CH3 - 



Notes J. Org. Chem., Vol. 39, No. 12, 1974 1785 

CO)+], 221 [(M - CdH7)+], and 165 [(221 - 2CO)+]. Anal. Calcd 
for C19H1602: C, 82.58; H, 5.84. Found: C, 82.64; H, 5.71. 

2-Phenyl-2 - (2- hydroxy-2-methyl-3-bromopropyl)indan- 1,3- 
dione (2). The addition of 5.80 g (36.2 mmol) of Brz in 10 ml of 
HOAc to a suspension of 1 (10.0 g, 36.2 mmol) in 50 ml of HOAc 
was accompanied by decoloration, dissolution of the solid, a mild 
exotherm, and the evolution of HBr. After 1.5 hr at 25", the mix- 
ture was poured into 250 ml of HzO, and the crude solid thus ob- 
tained was recrystallized from 50 ml of EtOH, yield 10.34 g (29.0 
mmol, 80%) of 2 as colorless crystals:? mp 143-145" dec; Urnax 

(KBr) 3400, 1705, 1265, 1240 cm-I; A,,, 332 nm ( e  329), 287 
(1510), and 248 (11,900); IH nmr 6 8.00-7.50 (m, CeH4), 7.33-7.17 
(m, C&), 3.73 (s, CHZBr), 2.87 (s, CHz), and 1.27 ppm (s, 
CH3); mass spectrum m l e  444 and 446 after silylation [(M + 
TMS)-1, 372 and 374 (M+), 293 [(M - Br)+], 279 [(M - 
CHzBr)+], and 275 [(293 - HzO)+]. Anal. Calcd for C19H17Br03: 
C, 61.14; H, 4.59; Br, 21.41; m l e  372.0361. Found: C, 61.47; H, 
4.26; Br, 21.33; m l e  372.0363. 

2-P henyl-2 - [ 2- hydroxy-2-me t h yl-3-( 1-piperidiny1)propyll- 
indan-1,3-dione (3). A mixture of bromo compound 2 (3.57 g, 10 
mmol), DMF (5 ml), and piperidine (2.1 g, 25 mmol) was left at 
25" for 4 days.l The crude product, isolated by dilution of the 
mixture with HzO, was recrystallized from 15 ml of EtOH, yield 
3.08 g (8.2 mmol, 82%) of colorless needless of 3: mp 130-131"; 
vmax (CHC13) 1720 cm-l; A,,, 331 nm (e  405), 293 (1610), and 
247 (11,600); 1H nmr 6 8.58 (broad, OH), 8.03-7.40 (m, C6H4), 
7.20 (s, C~HE) ,  3.13-2.52 (AB, exocyclic NCHz), 2.65 (m, ring 
NCHz), 2.40 (s, acyclic CH?), 1.40 (m, ring CHZ), and 1.15 ppm 
(s, CH3); mass spectrum m / e  377 (M+) and 98 [(CsHizN)+, base 
peak]. Anal. Calcd for C ~ ~ H Z ~ N O ~ :  C, 76.36; H, 7.21; N, 3.71; 
m l e  377.1989. Found: C, 76.30; H, 6.98; N, 3.60; m / e  377.2013. 

Registry No.-1, 26151-51-9; 2, 51270-74-7; 3, 51270-75-8; pi- 
peridine. 110-89-4. 
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In connection with other studies we needed several a -  
bromo aldehydes and, since such compounds are prepared 
by bromination of aldehydes only with difficulty,2 we 
sought an alternative method. Several recent syntheses 
have been d e ~ c r i b e d , ~  but  they represent homologation 
reactions. Vinyl acetates and enamines of the correspond- 
ing aldehyde have also been used to prepare the desired 
 compound^.^ In line with our interest in electrophilic ad- 
ditions to  olefin^,^ it occurred to us that  bromination of 
silyl enol ethers (1) followed by spontaneous /? cleavage of 
volatile trimethylbromosilanes should afford the desired 

Table I 
Synthesis of a-Haloaldehydes from the Corresponding 

Aldehyde via Silyl Enol Ethers 
MeaSiCl 

RlRzCHCHO -+ RiRnC=CHOTMS + 
EtaN XZ 

x 
I 

RIRzCCHO (X = Br, C1) 

% yield 
Entry X? R1 R2 of 2 

~ 

1 Brn H 77 PhCHz 
2 Brz P h  Me 75 
3 BrZ H 94 CgHi; 

-CHzCHXH=CHCHZ- 57" 4 Br2 
6 2  -CHzCHzCH2CHCHz- 5 Brz 

I 
COPCPHS 51b 

6 Brg Me Me 
7 CL H 9 5  

42" (CHz) aCN 8 Brz 
PhCH, 

H 

a Some bromination of the double bond observed in the 
crude product. Low yield of distilled product due to high 
volatility; reaction performed in EtQO. Ca. 10% yield of a n  
unknown aldehyde was also obtained. 

product (2). Since the silyl enol ethers are readily gener- 
ated in high yield,7 this method would provide a simple 
route to synthetically usefuls a -bromo aldehydes. 

Our expectations were confirmed as shown in Table I. 
The silyl enol ethers were prepared according to the meth- 
od of House7 and were found to react instantaneously with 
1 equiv of bromine in carbon tetrachloride a t  room tem- 
perature. The product was isolated by evaporating the sol- 
vent and trimethylbromosilane (bp 85") and distilling the 
aldehyde. The technique is applicable to a wide range of 
aldehydes as well as to ketones. Particularly noteworthy is 
the bromination at the a position of the aldehyde in the 
presence of a double bond (see Table I) and an ester func- 
tion (entry 5) .  a-Chloro aldehydes are obtained by using 
chlorine9 in place of bromine (entry 7 ) ,  although neither 
iodine nor iodine monochloride was reactive. 

A limitation of the method is indicated by the fact that 
the silyl enol ethers of crotonaldehyde, 6-ketoheptanal (al- 
dehyde silyl enol ether), and citronellal afforded polymer- 
ic products even when bromination was carried out a t  
-80". 

While bromination of ketones generally presents no 
major problem,2 various synthetic procedures have been 
devised for specific bromination where more than one re- 
gioisomer is possible.2 Bromination of silyl enol ethers 
enables regiospecific halogen introduction since methods 
are available7 for the synthesis or isolation of silyl enol 
ether regioisomers. A recent communication describes the 
bromination of lithium enolates, derived from silyl enol 
ethers, to afford a-bromo ketones.ll However, we have 
found that preparation of the enolate is unnecessary. 

The use of silyl enol ethers for the bromination of ke- 
tones is demonstrated by the quantitative conversion of 
silyl enol ether 3 to a-bromopropiophenone (4)12 and the 
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