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1. Introduction
. . . ) ) i N-Halosuccinimides represent an important class of

Simultaneous installation of two é#rent functional groups in halogenating reagents, especially N-bromosucciremiNBS),
one-step into the organic framework is a remarkéieamental |\ hich has been widely researched in bromination ¢dries to
process in organic syntheéi%.Halogengtion and acetalization prenare g-bromoketones with various reaction conditihé
are two kinds of important process in organic s_ysn%feg % The halogenation would be not reactive enough witlaoLewis
haloacetals of ketones are valuable syntheticrimdiates used acid or a Bronsted acid as cataffsa-Monohalogenated ketals
for medicine and agriculture, particularly in tride fungicided’, could always be found as by-products when acetoplesnaith
a,B-unsaturated keton€3®, and enol ethet$ Previous methods electron-withdrawing groups(-NDon the benzene ring was
to preparea-haloacetals of ketones are always based on tWosfiuxed with halogenating reagents and acidic yatal in
separate steps, sequencesidralogenation of ketones followed |\ athanol during our researtd
by acetalization of thex-halogenation products. One of the Herein, we decided to develop and optimize a onersethod
effective methods for preparation efhaloacetals of ketones is ¢ hreparation ofi-haloacetalization of ketones with NBS/NCS

one-stepr-haloacetalization of ketones with halogenating esag glycol without any other catalysts based on tudigs.
and alcohol or glycol. There are a few examples hasen

previously reported solving this challengé? employing 2. Resultsand discussion

compounds, such as liquid bromife copper(ll) bromid&, o . o
poly(diallyldimethylammonium chlorid&j, iodobenzene In the preliminary experiments, acetophendaenhich is the
dichloride® and 1,3-dihalo-5,5-dimehtylhydantoin simplest aromatic ketone was chosen as a model ofor
(DBDMH/DCDMH)?*?> However, most of the studies suffer for Promoacetalization with various alcohol or glycol ane step.
one or more disadvantages such as use of hazardagents, Compoundla was treated with 2.3 equiv of NBS in 6 mL of
cost of metallic or strongly acids as catalyst, wapkprocedures, various alcohols or glycols, and the results wemrearized in
and moderate yields. Hence, the development ofea, sgreener, Tqble 1. When ethylene glycol was used as a reagehsolvent
and efficient procedure fou-haloacetalization of ketones with Without any other catalyst, thebromoacetal of acetophenone(2-
excellent yields remains a major challenge for Isgtic organic ~ bromomethyl-2-phenyl-1,3-dioxolan@a) could be precipitated

chemists. from the reaction system as a white solid. Afterdtibn, the
) yield of 2a could reach 98% (entry 1, Table 1). When 1,2-

DCorresponding author. Tel.: +86-0559-2546554; #86-0559-2546554;  Propanediol was selected, the two isomers of 2-broetioyh4-

E-mail: zenzuobiao@126. com. methyl-2-phenyl-1,3-dioxolane could also be obtdiméth 96%

yield(entry 2, Table 1), and the ratio determingdHd NMR was
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3:2. When the reaction performed
bromination ofla was the main reaction, and thkdromoacetal
product determined by GC was only 20%(entry 3, Tabld&oth
a-bromoacetalization and bromination could not tpkece any
more in methanol or ethanol at room temperatur&ié=n4, and
5, Table 1); however, when the reaction was perforomadier

reflux in methanol, the main product was 2-bromo-1- Entry

phenylethanone and the yield could reach E(sntry 6, Table 1).
So, ethylene glycol was the first choice for thetaltzation.

Table 1 Effect of various solvents on tlxebromoacetalization dfa with
NBS?

Entry Solvent Time(h) yiel{Po)
1 ethylene glycol 24 98
2 1,2-propanediol 24 96
3 1,3-propanediol 24 20
4 methanol 8 0
5 ethanol 8 0
6 methanol 8 o(sH

# The reaction was performed with 2 mmol of acetophefa), 4.6 mmol
of NBS(2.3 equiv), and 6 mL of alcohols or glycatsoom temperature;

P ¢-bromoacetal of acetophenoBa) was filtrated directly from the reaction
system as a white solid,;

¢ The ratio ofa-bromoacetal product was determined by GC;
42-bromo-1-phenylethanone was obtained with 80%lyiel

Table 2 Effect of NBS omi-bromoacetalization dfawith ethylene glycat

Entry NBS (mmol) Yield (%)
1 3.0 40
2 4.0 85
3 4.6 98
4 5.0 93
5 55 90

# The reaction was performed with 2 mmol of acetophefia), and 6 mL
of ethylene glycol at room temperature for 24 h;

P thea-bromoacetal of acetophenoBa) was filtrated directly from the
reaction system as a white solid.

Table 3. Effect of the dosage of ethylene glycol@iromoacetalization of
la?

Entry Ethylene glycol (mL) Yielt(%)
1 2 79
2 3 90
3 4 92
4 5 95
5 6 98
6 7 98.7

# The reaction was performed with 2 mmol of acetophe(a), and 4.6 mmol of
NBS(2.3 equiv) at room temperature for 24 h.
P isolated yield.

Table 4 Effect of NCS oru-chloroacetalization afawith ethylene glycat

Entry NCS (mmol) Ratio oBa ° (%)
1 4.6 62
2 6.0 73
3 7.0 79
4 8.0 90
5 9.0 89

& The reaction was performed with 2 mmol of acetophefia), and 6 mL
of ethylene glycol at room temperature for 24 h;
® The ratio ofa-chloroacetal product was determined by GC.

in_ 1,3-propanediol,Table5 a-haloacetalization of various acetophenones witiDRBI/DCDMH in
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@ The reaction was performed with 2 mmol of ketoné,mmol (2.3
equiv) of NBS(entries 1-15) or 8.0 mmol (4.0 equi’NCS(entries 14-20),
and 6 mL of ethylene glycol at room temperature2ih;

®isolated yield;
¢ the reaction was carried at'@%

4 2-bromomethyl-2-(3-bromo-4-methoxyphenyl)-1,3-diane@m) was
isolated as the main product;

€ a mixture of 2-(bromomethyl)-2-propyl-1,3-dioxoand 2-(1-

bromopropyl)-2-methyl-1,3-dioxolane was obtaineu ¢he ratio determined

by *H NMR was 3 : 2;

fthe products was too complex to further separation

O (OH Q, HO/—;
0= O~ SR
g
Ho/\/OH

with NXS in glycol.

Secondly, the effect of NBS on thebromoacetalization ofa
was further investigated (Table 2). When 3.0 mmd éguiv) of
NBS was added to the reaction systéda,was obtained with
only 40% vyield(entry 1, Table 2). Increased the anmimf NBS
to 4.6mmol (1.5 equiv) could result in an increaf¢he yield to
98%(entry 3, Table 2). However, larger amount of N&& not

/\/OH

—oh =

Scheme 1 Possible mechanism for one-stepaloacetalization of acetophenone

necessary and helpful for the reaction.

Effect

of the dosage of

ethylene

glycol

3

acetylfuran. The results were listed in Table 5. Wib, 1c,
and1d with a halogen atom on thpara-position of benzene ring
were selected, the yields @b, 2c, and2d were 99%, 96%, and
92%(entries 2, 3, and 4, Table 5), respectively. ew2-
chloroacetophenoneld) and 3-bromoacetophenonéf)( were
used as the tested substrates, the yields weregalst, could
reach 91% and 93%(entries 5, and 6, Table 5), ctispd.
However, whern2g was prepared at room temperature frign
with a strong electron-withdrawing group (-}@n the benzene
ring, the yield was only 76%; when the reaction terafure was
increased to 4%, 2g could be obtained with excellent yields- (
100%)(entry 7, Table 5); the same process was aisal o
prepared 2h, 2i and 2j, the yields were 98%, 97%, and
96%(entries 8, 9, and 10, Table 5), respectiveljneWll, and
1m with bulky groups on the benzene ring were testeslyields
of 21 and2m could also reach 91% and 92%(entries 12 and 13,
Table 5), respectively. The yield @& with a methyl on the
benzene ring was 85% (entry 14, Table 5). Substnatds a
strong electron-donation group (-OgH such aslo, 2-
bromomethyl-2-(3-bromo-4-methoxyphenyl)-1,3-dioxw#0)
was isolated as the main product and the yield wag on
52%(entry 15, Table 5). In our new chemical processa-
bromination and acetalization in one-step, acetophes with
electron-withdrawing groups on the benzene ring stewifer
products with excellent yields, and the yields of gubstrates
with strong electron-donating groups were less th#mers.
Aliphatic ketones, cyclohexanodg), 3-pentanond(y), and 2-
pentanonelf) were selected as test substra@s, 2q, and 2r
could be obtained with 96%, 82%, and 87% vyields{eh6, 17
and 18, Table 5), respectivell2r was a mixture of 2-
(bromomethyl)-2-propyl-1,3-dioxolane and 2-(1-brqrapyl)-
2-methyl-1,3-dioxolane, and the ratio determineleyNMR
was 3 2. When  2-acetylthiophehg)( was tested, 2-
(bromomethyl)-2-(5-bromothiophen-2-yl)-1,3-dioxotgPs) was
obtained with only 45% yield(entry 19, Table 5). Hoeeutheo-
bromoacetalization of 2-acetylfurdn) and 4-acetylpyridind{i)
was too complex to further separation(entry 20, 2hdTable 5).
When 1-phenylpropan-1l-orle) was selected, 2-bromo-1-
phenylpropan-1-one and 2,2-dibromo-1-phenylpropamé
were obtained with 20% and 43% vyields(entry 22, Table
respectively.

N-Chlorosuccinimide (NCS) which is an analogue of NBS
could be used as a chlorinated reagent to prodtgtdoroacetal
of acetophenone and other conditions remained.coneersion
of 1a could reach 100%, the yield 8& was only 62% (entry 1,
Table 4), andu-chloroacetophenone was the main by-product
with 38% vyield. When the dosage of NCS was adjuste8.@o
mmol, the yield of3a could increase to 90% (entry 4, Table 4).
When 1b and1c were tested3b and3c could be obtained with
91% and 95% (entries 24, and 25, Table 5), resgytiThea-
chloroacetalization ofig and 1h must be carried at 45, the
yields of3g and3h were 100% and 97% (entry 26, and 27, Table
5) , respectively. Cyclohexanode], and 3-pentanongq) were

bromoacetalization ola was also investigated (Table 3). Lesstested,3p, and3q could be obtained in 92%, and 76% vyields,

amount of ethylene glycol (2 mL) resulted low yielof
2a(79%)(entry 1, Table 3). When the amount of ethglgiycol

respectively(entry 28, and 29, Table 5). When Noggcinimide
(NIS) was selected to replace NBS or NCS, no iodokzatian

was increased to 6 mL, the vyield could also incretse Wwas detected.

98%( entry 5, Table 3). The major reason may béated to the
dilution of ethylene glycol on the water formed i

acetalization process.

The optimal reaction condition in terms of yieldquaed 2
mmol of 1a, 4.6 mmol of NBS, 6 mL of ethylene glycol at room
temperature for 24h. To further examine the scopethi
the optimized conditions were then appliedthe
synthesis of a variety af-bromoacetal of substituted ketones
such as acetophenones, aliphatic ketones, acepfténe, and

protocol,

3. Conclusion

In summary, we developed a simple and efficient ortto
synthesisi-haloacetal of ketones directly from various ke®ire
one-step by the application of NBS/NCS in glycolsreaction
reagent and solvent under mild reaction without antlger
catalysts. Chen et al. suggested the mechanismetaf-énol

' tautomerism in the process of the chlorination adtaphenones

using DCDMH?*** Analogously, we proposed the following
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haloacetalization mechanism. In the proposed systbeo-
halogenation of ketone generates acid in situ, wbathlyzes the

Tetrahedron

Yield 91%, colorless oil!H NMR (500 MHz, CDCJ) ¢ 3.93-
3.96(m, 2H, OCKCH,0), 3.97 (s, 2H, CHB), 4.22-4.25(m, 2H,

ketals formation $cheme 1). Major advantageous of the present OCH,CH,0), 7.28-7.31(m, 2H, ArH), 7.41-7.43(m, 1H, ArH),

protocol include a wide range of substrates, mildctien
conditions, ease and safety of operation, and highls, which
have provided a novel route tehaloacetal of ketones in the
methodology of organic synthesis.

4, Experimental
4.1. General

All required chemicals were used directly without ficaition
unless mentioned. Melting points (mp) were recoraded a
Yanano MP500 apparatus and are uncorre¢t¢eNMR spectra
were recorded on a Varian INOVA-500 (500 MHz) spectramet

with CDCl; as the solvent and TMS as the internal standar

Capillary GC was performed on GC2014 with a RTX-1 (Rlest
@ 0.25 mm-30 m) column (Inj. 250, Det. 250C).

4.2. General procedure for preparation of a-haloacetal of
acetophenones from acetophenons

A mixture of 2 mmol of substrate, and 6 mL ethylghgcol
was stirred for 5 min, and then 4.6 mmol of NBS an®ol of
NCS was added by 5 times in one hour, and the mixua®
stirred 24 h at room temperature or@5Afterward, the mixture
was extracted with ether(10 mL x 3). The combinedaoig

7.71-7.72(m, 1H);®C NMR(125 MHz, CDCJ) & 36.2, 65.9,
107.2, 126.7, 128.7, 130.2, 131.5, 132.1, 136.3(KB, crri’):
3065, 2892, 1591, 1466, 1434, 1210, 1177, 1037, 762

4.2.6. 2-bromomethyl-2-(3-br omophenyl)-1,3-dioxolane (2f) ®
Yield 93%, colorless oil'H NMR (500 MHz, CDCJ) § 3.63 (s,
2H, CHBr), 3.90-3.91(m, 2H, OC}CH,0), 4.17-4.20(m, 2H,
OCH,CH,0), 7.23-7.28(m, 1H, ArH), 7.45-7.48(m, 2H, ArH),
7.68(s, 1H, ArH);"*C NMR(125 MHz, CDCJ) ¢ 37.8, 66.0,
106.7, 122.5, 124.8, 129.2, 129.9, 131.9, 142.2(KBr, cm'l):
3026, 2892, 1566, 1466, 1426, 1211, 1030.

-2.7. 2-bromomethyl-2-(3-nitr ophenyl)-1,3-dioxolane (2i) **

Yield 100%, white solid, m.p.: 84-8&, '*H NMR (500 MHz,
CDCly) ¢ 3.63(s, 2H, ChBr), 3.90-3.93(m, 2H, OC}CH,0),
4.21-4.24(m, 2H, OCKCH,0), 7.55(dd, 1HJ, = 7.7 Hz,J, = 8.2
Hz, ArH), 7.85(d, 1H,] = 7.7 Hz, ArH), 8.20(d, 1H] = 8.2 Hz,
ArH), 8.38(s, 1H, ArH);*C NMR(125 MHz, CDC)) ¢ 37.2,
66.1, 106.7, 121.4, 123.7, 129.3, 132.2, 142.2,4148 (KBr,
cm’): 3026, 2880, 1616, 1525, 1474, 1349, 1227, 11822.

4.2.8. 2-bromomethyl-2-(4-nitr ophenyl)-1,3-dioxolane (2h)*
Yield 98%, white solid, m.p.: 126-12€,'"H NMR (500 MHz,
CDCl) 6 3.62 (s, 2H, ChBr), 3.89-3.93(m, 2H, OCICH,0),

layer was washed twice by water(20 mL), and dried ove#.21-4.23(m, 2H, OCKCH,0), 7.71 (d, 2HJ = 8.5 Hz, ArH),

anhydrous Nz50O,. After filtration, the solvent was removed
under reduced pressure, and the residual was treattd
alumina chromatography (Petroleum ether/AcOEt=20/1,\M8/)
generate the product.

4.2.1. 2-bromomethyl-2-phenyl-1,3-dioxolane(2a)*

Yield 98%, white solid, m.p.: 56-5&, '"H NMR (500 MHz,
CDCL) & 3.66 (s, 2H, ChBr), 3.88-3.91(m, 2H, OCKCH,0),
4.17-4.20(m, 2H, OCKCH,0), 7.32-7.38(m, 3H, ArH), 7.52(d,
2H,J = 7.5 Hz, ArH):°C NMR (125 MHz, CDGJ) ¢ 38.2, 65.8,
107.3, 126.0, 128.3, 128.7, 139.8. IR (KBr,’dm3011, 2885,
1627, 1485, 1470, 1447, 1220, 1169, 1039, 1029, 997

4.2.2. 2-bromomethyl-2-(4-br omophenyl)-1,3-dioxolane (2b)*
Yield 99%, white solid, m.p.: 67-70C,"H NMR (500 MHz,
CDCly) 6 3.63 (s, 2H, ChBr), 3.89-3.90(m, 2H, OC}CH,0),
4.18-4.21(m, 2H, OC}CH,0), 7.40(d, 2H,J = 8.5 Hz, ArH),
7.51(d, 2H,J = 8.5 Hz, ArH);**C NMR(125 MHz, CDC)) ¢
37.8, 65.9, 107.0, 123.1, 127.9, 131.5, 138.8. KBr( cm’):
2957, 2874, 1585, 1481, 1413, 1221, 1171, 1039, 831

4.2.3 2-bromomethyl-2-(4-chlor ophenyl)-1,3-dioxolane (2c)
Yield 96%, white solid, m.p.: 56-5, 'H NMR (500 MHz,
CDCl,) & 3.64 (s, 2H, ChBr), 3.90-3.91(m, 2H, OC}CH,0),
4.18-4.21(m, 2H, OCKCH,0), 7.35(d, 2HJ = 8.5 Hz, ArH),
7.46(d, 2H,J = 8.5 Hz, ArH);"*C NMR(125 MHz, CDC)) ¢
37.9, 65.9, 107.0, 127.6, 128.5, 134.8, 138.3.

4.2.4. 2-bromomethyl-2-(4-fluor ophenyl)-1,3-dioxolane (2d) %
Yield 92%, colorless oil'H NMR (500 MHz, CDCJ) § 3.65 (s,
2H, CHBr), 3.90-3.92(m, 2H, OC}CH,0), 4.19-4.22(m, 2H,
OCH,CH,0), 7.04-7.09(m, 2H, ArH), 7.49-7.53(m, 2H, ArH);
¥c NMR(125 MHz, CDCJ) ¢ 38.1, 65.9, 107.0, 115.1, 115.3,
128.0, 135.6. IR (KBr, CH‘): 2969, 2893, 1600, 1560, 1412,
1222, 1160, 1042, 839.

4.2.5. 2-bromomethyl-2-(2-chlor ophenyl)-1,3-dioxolane(2e) %

8.21 (d, 2H,J = 8.5 Hz, ArH);**C NMR(125 MHz, CDC)) §
37.1, 66.1, 106.9, 123.5, 127.3, 146.7, 148.4. KBr( cm™):
3109, 2897, 1608, 1519, 1473, 1347, 1220, 117181864,

4.2.9. 2-bromomethyl-2-(4-trifluoromethylphenyl)-1,3-
dioxolane (2g) *°

Yield 97%, colorless oil'H NMR (500 MHz, CDCJ) & 3.66 (s,
2H, CHBr), 3.91-3.93(m, 2H, OC}€H,0), 4.21-4.24(m, 2H,
OCH,CH,0), 7.64-7.68(m, 4H, ArH):"*C NMR(125 MHz,
CDCly) 6 37.6, 66.0, 106.9, (120.73, 122.90, 125.06, 12422,
(125.27, 125.30,125.33, 125.36, (), 126.58, (130X5R0.86,
131.12, 131.38, q), 143.7. IR (KBr, & 2970, 2895, 1619,
1409, 1326, 1222, 1167, 1043, 847.

4.2.10. 2-bromomethyl-2-(2,4-dichlorophenyl)-1,3-dioxolane
(2)

Yield 96%, white solid, m.p.: 57-58; 'H NMR (500 MHz,
CDCly) 6 3.90-3.93(m, 4H, CkBr, OCH,CH,0), 4.18-4.25(m,
2H, OCHCH,0), 7.26(d, 2H, = 8.5 Hz, ArH), 7.42(s, 1H, ArH),
7.63(d, 1HJ = 8.5 Hz, ArH):**C NMR(125 MHz, CDC})) § 35.8,
65.9, 107.0, 126.9, 129.9, 131.2, 132.0, 135.1,4135

4.2.1215. 2-bromomethyl-2-(3,4-dichlorophenyl)-1,3-dioxolane

(2k)

Yield 86%, colorless oitH NMR (500 MHz, CDCYJ) 6 3.62 (s,
2H, CHBr), 3.91-3.93(m, 2H, OC}€H,0), 4.19-4.22(m, 2H,
OCH,CH,0), 7.35-7.37(dd, 1HJ), = 8.3Hz,J, = 2.0 Hz, ArH),
7.46(d, 1H,J, = 8.3 Hz, ArH), 7.62(d, 1H] = 2.0 Hz, ArH);**C
NMR(125 MHz, CDC}) ¢ 37.5, 66.0, 106.5, 125.6, 128.3, 130.4,
132.6, 133.0, 140.1. IR (KBr, ¢t 3068, 2893, 1585, 1561,
1468, 1416, 1379, 1216, 1174, 1035, 822.

4.2.11. 2-bromomethyl-2-(4-biphenylyl)-1,3-dioxolane(2l)

Yield 91%, white solid, m.p.: 74-76; ‘H NMR (500 MHz,
CDCly) 6 3.74(s, 2H, CHBr), 3.96-4.00(m, 2H, OC}€H,0),
4.21-4.28(m, 2H, OCKH,0), 7.38(t, 1H,J = 7.3 Hz, ArH),
7.47(t, 2H,J, = 7.5 Hz,J, = 7.7 Hz, ArH), 7.60-7.63(m, 6H,
ArH); *C NMR(125 MHz, CDCJ) ¢ 39.2, 65.9, 107.3, 126.5,
127.12,127.17, 127.6, 128.8, 138.6, 140.5, 141.8.



4.2.13. 2-bromomethyl-2-[4-(4-bromophenyl)phenyl]-1,3-
dioxolane(2m) ®

Yield 92%, white solid, m.p.: 91-95C,'"H NMR (500 MHz,
CDCly) ¢ 3.69 (s, 2H, CKBr), 3.92-3.95(m, 2H, OC}€H,0),

4.2.21. 2-chlor omethyl-2-phenyl-1,3-dioxolane(3a)

Yield 90%, white solid, m.p.: 62-6&, '"H NMR (500 MHz,
CDCl) 6 3.76 (s, 2H, ChCI), 3.90-3.93(m, 2H, OCKH,0),
4.17-4.20(m, 2H, OCKCH,0), 7.32-7.39(m, 3H, ArH), 7.52(d,

4.20-4.23(m, 2H, OCKCH,0), 7.44-7.45(m, 2H, ArH), 7.54- 2H,J = 7.3 Hz, ArH);*C NMR(125 MHz, CDC}) ¢ 49.4, 65.8,

7.59(m, 6H, ArH);**C NMR(125 MHz, CDCJ) ¢ 38.0, 65.9,
107.3, 121.8, 126.6, 126.9, 128.7, 131.9, 139.9,513140.5. IR

107.9, 126.0, 128.2, 128.7, 139.8. IR (KBr, 9m3066, 2887,
1481, 1467, 1446, 1225, 1179, 1024.

(KBr, cm®): 3021, 2891, 1671, 1479, 1384, 1224, 1167, 1072,

1039, 817.

4.2.14. 2-bromomethyl-2-(4-methylphenyl)-1,3-dioxolane(2n) *°
Yield 85%, colorless oil!H NMR (500 MHz, CDCJ) & 2.38 (s,
3H, CH,Br), 3.61 (s, 2H, Ch), 3.90-3.92(m, 2H, OC}CH,0),
4.18-4.21(m, 2H, OCKCH,0), 7.20(d, 1H,J = 7.9 Hz, ArH),
7.42(d, 1H,J = 7.9 Hz, ArH);**C NMR(125 MHz, CDC)) ¢
21.2, 38.3, 65.8, 107.3, 125.9, 129.4, 136.7, 13&{KBr, cmi
%): 3029, 2891, 1606, 1412, 1226, 1182, 1043, 819.

4.2.15 2-bromomethyl-2-(4-methoxyphenyl)-1,3-dioxolane (20) °
Yield 52%, mushy oil*H NMR (500 MHz, CDCJ) & 3.61 (s, 2H,
CH,Br), 3.87-3.90(m, 5H, OC}CH,O, OCH), 4.16-4.18(m, 2H,
OCH,CH,0), 6.88(d, 1H,) = 8.5 Hz, ArH), 7.41(d, 1HJ = 8.5
Hz, ArH), 7.69(s, 1H, ArH)*C NMR(125 MHz, CDC)) § 38.0,
56.3, 65.9, 106.6, 111.5, 126.4, 131.1, 133.3,4,3556.2. IR
(KBr, cm): 3068, 2894, 1596, 1495, 1252, 1182, 1049, 814.

4.2.16 2-bromocyclohexanone ethylene glycol ketal (2p)

Yield 96%, colorless oil;'H NMR (500 MHz, CDCJ) ¢ 1.35-
1.38 (m, 1H), 1.51-1.64(m, 4H, GEH,), 1.98-2.05(m, 2H,
CH,), 2.18-2.25(m, 1H), 3.97-4.00(m, 2H, O¢IH,O), 4.09-
4.15(m, 3H, OCHCH,O, CHBr); *C NMR(125 MHz, CDG)) ¢

23.1, 34.9, 57.2, 65.5, 65.7, 107.9.

4.2.17. 2-(1-bromoethyl)-2-ethyl-1,3-dioxolane(2q)

Yield 82%, colorless oil;'H NMR (500 MHz, CDCJ) 6 0.92(t,
3H,J = 7.4 Hz, CH), 1.68(d, 3H,J = 6.9 Hz, CH), 1.75-1.82(m,
1H, CH,), 1.95-2.03(m, 1H, CH), 4.00-4.05(m, 4H, OC}CH,0),
4.17(q, 1H,J = 6.9 Hz, CHBr):"*C NMR(125 MHz, CDCJ) ¢
7.3,20.8,27.2,52.7, 66.3, 111.48.

4.2.18. 2-(bromomethyl)-2-propyl-1,3-dioxolane and 2-(1-

bromopr opyl)-2-methyl-1,3-dioxolane(2r)

Yield 86%, colorless oil;"'H NMR (500 MHz, CDCJ) 6 0.94(t,

2H,J = 7.4 Hz, CH), 1.09(m, 1.2H, Ch), 1.39-1.43(m, 1.35H,
CH,), 1.48(s, 1.2H, Ck), 1.66-1.74(m, 0.66H, CH 1.79-
1.82(m, 1.35H, Ck), 2.04-2.08(m, 0.85H, Cji 3.98-4.08(m,
5H, OCHCH,0O, CHBr); ®C NMR(125 MHz, CDCJ) § 12.9,

14.2,16.7,20.7, 27.0, 35.7, 38.2, 62.6, 65.47,6809.1, 109.9.

4.2.19.
Dioxolang(2s)
Yield 45%, colorless oil:'*H NMR (500 MHz, CDC)) ¢ 4.02-
4.08(m, 2H, OCKHCH,0), 4.16-4.23(m, 2H, OCIEH,0), 4.30(s,
2H, CH,Br), 6.88(d, 1HJ = 7.4 Hz, cyclo-H), 6.95(s, 1H,= 7.4
Hz, cyclo-H); ®*C NMR(125 MHz, CDCJ) ¢ 37.2, 66.3, 105.6,
126.0, 131.3, 132.6, 146.0.

2-(bromomethy!)-2-(5-br omothiophen-2-yl)-1,3-

4.2.20 2-bromo-1-phenylpropan-1-one and 2,2-dibromo-1-
phenylpropan-1-one

2-bromo-1-phenylpropan-1-one: Yield0%, colorless oil;*H
NMR (500 MHz, CDC}) ¢ 1.89(d, 3H, CH), 5.30(q, 1H, CHBY),
7.43-7.49(m, 3H, ArH), 8.01-8.03(m, 2H, ArH);
2,2-dibromo-1-phenylpropan-1-one: Yied8%, colorless oil*H
NMR (500 MHz, CDC})) ¢ 3.02(s, 3H, CH), 7.34-7.39(m, 5H,
ArH).

4.2.22. 2-chlor omethyl-2-(4-br omophenyl)-1,3-dioxolane(3b) °
Yield 91%, white solid, m.p.: 58-61C, '"H NMR (500 MHz,
CDCl) ¢ 3.72 (s, 2H, ChCI), 3.90-3.92(m, 2H, OC}CH,0),
4.17-4.20(m, 2H, OC}CH,0), 7.40(d, 2H,J = 8.6 Hz, ArH),
7.51(d, 2H,J = 8.6 Hz, ArH);**C NMR(125 MHz, CDC)) ¢
49.1, 65.9, 107.6, 123.1, 127.9, 131.5, 138.8.

4.2.23 2-chlor omethyl-2-(4-chlor ophenyl)-1,3-dioxolane(3c) °
Yield 95%, white solid, m.p.: 54-5&, '"H NMR (500 MHz,
CDCly) ¢ 3.71 (s, 2H, ChCI), 3.88-3.91(m, 2H, OC}CH,0),
4.15-4.18(m, 2H, OC}CH,0), 7.33(d, 2H,J = 8.3 Hz, ArH),
7.45(d, 2H,J = 8.3 Hz, ArH);**C NMR(125 MHz, CDC)) ¢
49.1, 65.8, 107.6, 127.6, 128.5, 134.8, 138.3. KBr( cm):
2982, 1592, 1488, 1431, 1220, 1178, 1090, 1034, BB

4.2.24. 2-chlor omethyl-2-(3-nitr ophenyl)-1,3-dioxolane(3g) *
Yield 100%, white solid, m.p.: 78-8@, *H NMR (500 MHz,
CDCly) 6 3.74 (s, 2H, CKCI), 3.92-3.95(m, 2H, OC}H,0),
4.20-4.23(m, 2H, OCKCH,0), 7.55(dd, 1HJ, = 7.7 Hz,J, = 8.2
Hz, ArH), 7.85(d, 1H,] = 7.7 Hz, ArH), 8.20(d, 1H] = 8.2 Hz,
ArH), 8.39(s, 1H, ArH);”*C NMR(125 MHz, CDC)) § 27.4,
66.1, 107.3, 121.4, 123.7, 129.3, 132.3, 142.1,4148 (KB,
cm™): 3075, 2890, 1615, 1525, 1475, 1422, 1353, 12082.

4.2.25. 2-chloromethyl-2-(4-nitr ophenyl)-1,3-dioxolane (3h)
Yield 97%, white solid, m.p.: 103-1G5; ‘H NMR (500 MHz,
CDCly) 6 3.75(s, 2H, CHCI), 3.92-3.97(m, 2H, OC}€H,0),
4.19-4.27(m, 2H, OCKCH,0), 7.26(d, 2H,J = 8.7 Hz, ArH),
8.24(d, 2HJ = 8.7 Hz, ArH):"*C NMR(125 MHz, CDC})) § 48.8,
66.1, 107.4, 123.5, 127.4, 146.6, 148.3.

4.2.26 2-chlor ocyclohexanone ethylene glycol ketal (3p)

Yield 92%, colorless oil:'*H NMR (500 MHz, CDCJ) ¢ 1.13-
1.47 (m, 6H), 1.68-1.92(m, 2H), 3.73-3.97(m, 5H, QCH,0,
CHBr); *C NMR(125 MHz, CDGJ) 6 22.96 23.07, 33.7, 33.9,
63.4, 65.5, 107.9.

4.2.27 2-(1-chlor oethyl)-2-ethyl-1,3-dioxolane(3q)

Yield 76%, colorless oil:'*H NMR (500 MHz, CDC)) ¢ 0.74-
0.83(m, 3H), 1.32-1.39(m, 3H), 1.46-1.60(m, 2H), 11782(m,
1H), 3.83-3.92(m, 5H, OCJELH,0, CHBr); **C NMR(125 MHz,
CDCly) 6 7.00, 19.5, 26.7, 60.0, 66.2, 111.5.

4.2.28. cis and trans-2-bromomethyl-4-methyl-2-phenyl-1,3-
dioxolane *®

Yield 96%, colorless oil'H NMR (500 MHz, CDCJ) § 1.22 (d,
0.64 H,J = 6.0 Hz, CH), 1.40 (d, 0.90J = 6.0 Hz, CH)), 3.35-
3.38(m, 0.23 H), 3.60-3.64 (m, 1.01 H), 3.66-3.71134 H),
4.00-4.03 (m, 0.32 H), 4.13-4.17 (m, 0.32 H), 4.2B74m, 0.24
H), 4.51-4.58 (m, 0.21H), 7.32-7.37 (m, 1.44 H), 7/585 (m,
1.00 H); °*C NMR(125 MHz, CDCJ) § 17.7, 18.2, 38.6, 38.9,
71.8,72.2,72.8,74.9, 125.91, 125.94, 128.2,3,2828.6, 128.7,
140.1, 140.9.
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