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ABSTRACT

m-Bromonitrobenzene was reduced to m-bromoaniline with a 86~91% yield by either baker’s yeast
(Sigma type I) or glucose and baker’s yeast in conjunction with glucose. Nitrosobenzene was reduced
to aniline in good yields using baker’s yeast(Sigma type 1) only.

A Z2 stereoselectivity 2 A o] dojxlti= 7o) o
A ol & {7184 A A biocatalyste] <-g-o] &)
p~Cresidine, p-cresidine sulphonic acid, 2,4,6- slo] 9th(6-8). AtdA S5} AFA 4p g o] &
trichloroaniline, o-nitro aniline, p-chloro-o-nitro He £49 F3 sourceql wHglop} o),
aniline, 1-aminoanthraquinone 59} tjo}3t a}ap= 7 42 olfyE: ojdE =9 st bakers
ofo|} HiE5o] ZHE o8 9 ok Z7kH| A yeasto|t}, Baker's yeast= ketoneg- 3+X)# o
g ARE-ET 9k o)3F olv: HAFEEL F LS A7) 3t A4 gon, E3
& hydrogen donorZ4] cyclohexenes 24 Znj [keto ester?] B-hydroxy ester2¢] #Hd] gz
£ AH3te YEZ7|9] shuks-& Félo] F4Alg o] 851 3 ‘4(9 10).
o] gtor}, HF2A7ko] 2 FdubLo] n|Eo]Ho Ansari 52 baker’s yeastZ AM8-3}¢] methyl3
2 oojur], o9 7}Ao| ¥} aromatic ring -oxo-4-pentynoate (1) 28 & & 8§ 2(S) methyl
2 2%¢ halogene] AA=E 59 FA%o] A -3-hydroxy-4-pentynonate(2) & 3 %ic}h(11).
of Adelyql A9 sdo] 2o Ar}(1-5). Kang 5& 2-(1,3-dithian-2-yl)-pentan-3-one
B4 Zv] ubgo] o8 L regioselectivity s} (3) & baker’s yeast® ZHYA|A =2 diastereo-
selectivity®} ¥ enantioselectivity 2 2-(1,3-
t Corresponding Author dithian-2-yl)-pentan-3-o0l(4) & Askgch(12).
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Baker’s yeastell 23} acyclic 1,3-diketone®] &
o4 24-alkane dione(5)eo] #U=o (5)-4
hydroxy ketone(6)o] A= i}.

0o o OH 0
M Baker's Yeast /\)j\
R ——— R (3)
(©))
R=Me, Et, Pr e.e. 92-99%
5 6

Baker’s yeast: g@/f-unsaturated aldehyde2]
24, ¢f-dioxothioacetal?] Y Fol|x AREET
lor YEZ7] o9 o]4 & AmHT ict
(13-15). Baik %< o-nitrophenylazo dye(7)%
Baker’s Yeastoll 93] reductive cyclizationA]7
benzotriazole 1-oxide(8)S %3¢lx ©] benzotria-
zole 1-oxideZ baker’s yeastol] 23l thA] YA
7] benzotriazole(9)g A&} (15).

\b/ Baker’s Yeast /@ 6

7

— m\ C\:{;( (5)

w3k glucoses St o 24 HEd olq]f;]cy]
7} -F: ]-‘4]011 Zx15t2 2 gluconic acid® A3}z
Slesg BYAZ ol & olvk

Glucose% Aol 74 EaA Eaets @
FE2A 7HHo] AHueln A4o] EAEE glu
cosed Al&ste] YEZIIE FJAAA ootFy £
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ZHAE AFLEE ofu|x BFEL A FIE Ao) 7}
Solckd AAE AT Al HHE A F e
”i s agHolzti AR EY o] YEZT]
HAZA L] Y TS A= Bt

E— Atol e 249 YERZY] A L o
2 kel E AFE E-oZ bhaker’s yeast}
glucoseE A}-&-38}o] nitroarened FYA|FHom 1

Ag gofste] Busiaal gl
Al 3

=

A2 BaAE Aokl R NMRE AHgs)
ool weAdEe GCE s 29
spectrum Bruker 300MHzE A}-&3}
933\31] %UHEL‘ tetramethylsilane(TMS)¢] 0.08%
Z3¥ CDCLE Ap&-3lgdct. Chemical shift=
BALEA 1TMSE—,-E1-4 down field=24] ppm%
A=z A3kt IR spectrum2 FT-IR spectro-
photometer(Perkin-Elmer, System 2000)& A}
3led NaCl pellet o2 &3J3}9ic}. Thin layer chro-
matography= MerckA} A|ZE<q) pre-coated silica
gel sheet(silica gel 60 F254, ¥4 0.25mm)& A}
43l9dond UV lampE o]&st} I, chamber®
sbestel 2ol 208 Basdnh $eUdnd
o] =48 93l GC(Hewlett Packard 5890 se-
ries [1)E 2p&3tgdew HP 1 columndt TCD
detector® o]&3}e] 100°C~250°C, 15C/mmnZ
temp. programingate] ZA3stgdct. o) injector
9] &5 = 2507, detector &%= 280°C, gas flow
rate= 20~30mL/minZ &gt

D-glucose®} baker’s yeast(type I )= Sigma#|
IS5 AME3F9ia 3-bromonitrobenzene®} nitroso-
benzene& TCIAES Al4-3lglom 7g AL E
F oA AF Aleke AHahch.

Glucoseo|| 2|8t 3-bromonitrobenzene2| Z+altt
Saujed AT Zal A (500mbL)el] Wzh), oil

0lo
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bath, stirrerg A& &£ F5+(100mL)E ¥
glucose(0.45g) & A7lsled A oiF t}L, methanol
(40mL)el| 3-bromonitrobenzene(0.5g)¢ =19 &
A3} FH4(10mL)e] NaOH(4g)& =9l gie
EH3t, o] £F £4& 99 glucosed-Hol H7}
gk WA E AL AojFua wbA g GCR
A uEe APAHEE FHalsty, whgo] dAFw
A2 7|2 uhEES {72 9hSE H3) ukd o
brine solutiong YolF3 %3 A8 & CHCL
(50mL) & 7l3te] & BEAA 2§ 4712&
celite padE 53l AHF F49 MgSO, 5 4}
45t} 82 AASLT rotary evaporator® &
A7)} w58 4L silica gel column chroma-
tographyell oJslo] sty HA= 2L g
% GCE TCI AE 3-bromoanilinex} co-injection
8lod galslic).

d|
d

Baker’s Yeasto]| 2|8} nitrosobenzene 2| Halute

Tk A Set23(500mb) el W27, ol
bath, stirrerg A& & ZE5L(100mL)E ¥
Baker’s Yeast(30g)E HA3] YolFHA AL =
ukgltt. o] baker’s yeast suspensionel nitroso-
benzene(0.5g) 4 methanol(40mL)ell =9l &g
YoiE F AL AHojFHA 80TCHA uHEA )
GCEZ AT E #Holstgom whgo] F %
dichloromethane(50mL)° & & & &g 2~39
A3 magnesitm sulphate® Z1Zx]7)c}. o] &
rotary evaporator2 7}gtalel] Fwste] MAHEL
dett. 4AEL authentic samples} ] wsjo] &
g},

Glucose?} Baker’s Yeastoll 2|8+ 3-bromonitro-
benzene2| EeHi2

ok AR EgA3(500mL) o B2, ol
bath, stirrerg #x3 £, Z%4(100mL)E 91
baker’s yeast(20g)E 3] H7}slo] AojFwiA
baker’s yeast & 3] £oJ% t}& glucose(0.45g)
S Arhste] A& AoEct. methanol(40mL)el] 3
~bromenitrobenzene(0.5g) ¢ =<9l Loz =g
(10mL)ell NaOH(4g)g %4l 448 &3slo], o
3 243 9J9] glucoses} baker’s yeast suspen-
sionef] Arjghch. vbglg A& xojFw Al whg-4
Atk GC2A B39 AWAEE sz, 2ol
HAEY {758 F2sted AERAID T $E4]70ch
HAE-L authentic sample} ] 23}e algic),
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Table 1. Reduction of 3-bromonitrobenzene by
Baker's Yeast.

Baker's NaOH  Temperature  Time Yield®
yeast (g) (g) (C) (hr) (%)

30 0 80 2 0
30 2 80 2 11
30 4 80 2 83
30 4 80 17 91
20 4 80 2 35

0 4 80 2 0
30 5 80 2 63
30 5 80 17 88
30 4 60 2 39
30 4 60 3 49
30 4 60 5 50
30 0 40 2 0
30 4 40 2 4
30 4 40 3 4
30 4 40 5 4
30 0 30 2 0

Suspension of baker’s yeast in water(100mL) was heated
for 5 min with stirring, and a mixture of 3-bromonitro-
benzene(0.5g) in methanol(40mL) and NaOH in H.O
(10mL) was added. The resulting reaction mixture was
stirred for 2-17 hours.

3-bromoaniline as the product was obtained.

‘GC yields.
A5 9 wa

Baker's Yeastol] 2|5+ 2

Baker’s yeastol] 93t JEZ 3359 39lule
of olAE W-g-2%, AlZh, NaOH #rjekel odge
3-bromonitrobenzene ] k3ol thsled FA}s}
sich. Table 1o]4 3. uol 2o] NaOHE #7}5}7)
$om 25 S WAIIHRE s BUkgol o]
W2 ¢¢x vbgEo] IdZ o} glglen}, NaOH
£ S Aol wE2Erl ES4E £8o)
#olzJ4 3-bromonitrobenzene 0.5g¢]| baker’s
yeast 30g, NaOH dg 7}sted 80°ColAl 247
HHA171R 83%, 17217 WHeAl71E 91% 9 e
4§2 3-bromoanilineo] o]z o (Table 1) o]
o ohE WAES] peaks el ekgith(Fig. 1).

Gucosedl| 2|3t zteiste
Glucoses #9024 felsl ejs)=7)7} &



626

Table 2. Reduction of 3-bromonitrobenzene by Glucose.
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Yield * (%)

Glucose NaOH Temperature  Time 3 Bromopheny
(g) (g) () (hr) . i 3-Bromophenyldiazene 3-Bromoaniline
-diazene oxide
03 4 80 1 74 16 10
03 4 80 2 66 15 19
045 4 80 1 34 48 18
045 4 80 2 31 35 34
09 4 80 1 0 14 86

Reduction conditions are described in the text.
GC yields.

STRRT

{‘l;

} 3-bremoaniiine

- =.

s ¥esz o 3-bromoni trobenzene
|

i

Fig. 1. GC chromatogram of the crude mixture of
3-bromonitrobezene and baker’s yeast.
The reaction mixture of 3-bromonitro-
benzene(0.5g) in methanol(40mL) and
baker’s yeast(30g) and NaOH(4g) in HO
(110mL) was stirred at 80°C for 0.5 hours.

At ol EAetez BUAZ A8 5 ook ol
glucoses] Ae|sl sl sheRAte R AbshEo]
monocarboxylic acidg]l gluconic acid7} A=},
D-glucosed #HUAZ A3t JEZIIE 8494
71 Axt= Table 29} 7t} Table 29} Fig. 244

= n}9} zro] 3-bromonitrobenzene 0.5gell glu-
cose 0.3g, NaOH 4g< 7}3te] 80°CollA 1A)7F 6t
< 2)7|" 3-bromophenyldiazene oxide 74%, 3-
bromophenyldiazene 16%, 3-bromoaniline 10%
7b dojzeh. 2 wbgAE 80TeA 2417 F4t
dl-2- 2] 7] 3-bromophenyldiazene oxide 66 %,
3-bromophenyldiazene 15%, 3-bromoaniline 19
%7} ARt =, 2 ubgell A, glucosed] &
0.45g 2.2 Z7HA14 744 80°ColA 147 ubg-A|
71 73} 3-bromophenyldiazene oxide, 3-bromo-
phenyldiazene, 3-bromoanilinee] z+7} 34%, 48%,
18% 7} dejzlem 80T A 24|17 wk-g-A7|H 7
7} 31%, 35%, 34% 7} Qo4 HFHY 32
3-bromoanilined] & o] Z7}3t4th(glucose ko]

START
L ar

i

/, @.99%

6.585

3-bromoani i ine

14.940 3-bromopheny 1diazene

e .
ir.17e 3-bromopheny Idiazene oxide

Fig. 2. GC chromatogram of the crude mixture of
3-bromonitrobenzene and glucose. The re-
action mixture of 3-bromonitrobenzene
(0.5g) in methanol(40mL) and D-glucose
(0.3g) and NaOH(4g) in HO(110mL) was
srirred at 80°C for 1 hour.

0.3gd 7%l wlisted). o|e} 7He AAE u|Fo
£ o glucosed] 2&J3 YEZ7] QL phenyl
diazene oxide®} phenyldiazeneg A4 dojute
Ao 2 ALEEH, ojel= - o 7 baker’s yeast
o] 23k #HYulLo4= phenyldiazene oxide2}
phenyldiazene} peakrs} Yehtz] ¢kotr}(Fig. 1).
=3 glucosed] %, WHAIE, &2 59 27¢ 4
3lX|7) o 24 glucose’} nitroarene o ZX-E| phen-
yldiazene oxide i phenyldiazene® AAddl &
23 5 9 Aoz AR

Gucose®} Baker’s Yeastol| 2|5t steiuie

Baik §-& o-nitrophenylazo dye(7)E baker’s
yeast= %}2/3}H benzotriazole 1-oxide(8)& WA
519 ol baker's yeasts] 3} WhgAZHE 2714]
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Table 3. Reduction of 3-bromonitrobenzene to 3-
bromoaniline by Glucose and Baker’s

Yeast.
Baker'
Glucose arers NaOH Temperature Time  Yield * (%)
east . o
(g) y( ) (g () (hr)  3-Bromoaniline
g
045 20 4 80 1 67
045 20 4 80 2 68
045 20 4 80 3 75
045 20 4 80 5 84
0.45 20 4 80 7 86

Reaction condition are described in the text.
‘GC yields.

7] benzotriazole(9) o] doiz|=d o|w} N-oxide
(8) F7AE 71X benzotriazole22] o] 718
gz B ustgoh(15). wabA glucoseol] &J&k nitro
7] B4 4 MAEE phenyldiazene oxide®
baker’s yeastoll 9]sj #H<lo] A5Ho 2 AlPd £
e glatr Alg o] glucose?} baker’s yeastE &
Aol AL-g-3ke] eIk APAA Bt
Glucose2} baker’s yeastE FA]ol| %7}ste] wl
€417 A3 Table 3o vpeht glow, ojmjo] ut
& AAMEo|ME phenyldiazene oxide?} phenyl-
diazene& 74EHA] oty EwEA ol 3-bromoni-
trobenzene¥} AA-E<l 3-bromoaniline peak®t v}t
elydt}. 3-bromonitrobenzene 0.5g 9 glucose 0.45g
I+ baker’s yeast 20guts z}7zh Hrlstod 80T
A9 2T B GRS AT Sl A7
34%, 35% QA 73} wlwsle] £ wj(Table 1, 2)
glucose 0.45g3} baker’s yeast 20g& EA]ol| H7}
stod 80°CollA 2417t Fot HFEAI S ASY &
S 68%=2A o433 vie} o] glucoses}t baker’s
yeastE FAlol| A71stH 2g dFo 2 AHgElg
£ 735l ulste] go] F71EE sk @
02 AHE-H+= glucose?} baker’s yeaste] ok 2 ub
SAIE 5o W2 HAF] 2AF o2 nitro
7] #dell 28 5= baker’s yeast? k& ©$ 7}
A1 7 ddegetx Atz o
3-Bromonitrobenzene 0.5go| D-glucose 0.45g
3 NaOH 4g$& 7lsta 80CoA 147 S vkL
A7 FLEALE A9 ol A %3 3-bromo-
phenyldiazene oxide 34%, 3-bromophenyldiazene
48%, 3-bromoaniline 18%7} vielytch(Table 2).
o] H}2-ollo]l baker's yeast 20g¥& Z7}stod 80C
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o4 30% &<t A4 4hAl71"® 3-bromophenyl-
diazene oxide 13%, 3-bromophenyldiazene 29%,
3-bromoaniline 58%7} =glom, 1x]7}F HF2-A]7)
™ 3-bromophenyldiazene oxide7} 1.4%, 3-bromo-
phenyldiazene 4.4%, 3-bromoanilinee] 94.3% 7
2530 =g, 2412 ] ¥kgA)7l" 3-bromo-
phenyldiazene oxide peak: A}e}x 3 3-bromo-
phenyldiazene 1.5%, 3-bromoanilinee] 98.5% A
Ael9len, glucose?} baker’s yeast& FAJo] A
7k3ke AR glucoseet WA wh-g-A]7) £ baker's
yeast® 2713 Aol opdal A4l o E3hgo|
Bhe AME o & R

olzigt A#E FHst] £ o, glucosed] o
YE&7] 34]& phenyldiazene oxide®} phenyl-
diazened& AHA dojb= FoB  AlgHY
(Scheme 1, eq 8) baker’s yeaste] 2|3} YJEZ7]
39S baker’s yeast] o3} HFSA|7HE 734 A]A
% phenyldiazene oxide®} phenyldiazene?] peak
+ yeltx] 943 3-bromonitrobenzenes} 3-
bromoaniline peakdt vl 7o @ Hol UER
2 FHAE AAAM olu|r]|R o] A=A
A oju|er|2 o] APE Aol Az
t}(scheme 1, eq 6, 7). dald] YeZ A7) 27}
Az A4¥ 7sAdE HESLZ] $18led baker's
yeastol] 2@ YERB 4 7] 3L A5}

Aromatic nitro-compound 52} 3 Qute2 o}z
°] 371A ZAZE(eq 6-8)E A 4 i}k Eq (7)
of oja) o] Y H¢ 27 AAEQ nitro-
sobenzene& YT A #Fdo] ALEEZE reduc
tion mediumol| 4 =z} 9F=ci(16). zEq}
nitrosobenzeneo| &AY |4 hydroxylaminez} u}
33} benzenediazonium saltE YAt ¢]7]
1-naphthylamine®} coupling3}e] aniline°. &2} 3
WA o] QA H B2 nitrosobenzene 2] £AJE & el

& 5 Ao (16).

Ph-NO + H,NOH + HX —
{Ph*N=N} °X + 2H,0

Nitrobenzene 0.5gel| baker’s yeast 30g, NaOH
4g4 7}stx NH,OH-HCl 0.2g, 1-naphthylamine
0.4g< #H7lstd 80TCelA 547717 HbSAIAR
3.3% 9 anilinee] AAEE # 88.2%7} nitro-
benzene ArefZ o} 9lgdrt. ¥bHe| nitrosoben-
zene 0.5gol| baker’s yeast 30g, NaOH 4g, NH,OH-
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Ph-NH, (6)
Aniline
Ph-NO, Ph-NO —— Ph-NH, (7
Nitrobenzene Nitrosobenzene Aniline
Ph-I\II:N-PhﬂPh-N:N-PhﬁPh-NHz (8)
0]

Azoxybenzene Azobenzene

Scheme 1. Reduction of aromatic nitro compounds.

Table 4. Reduction of Nitrosobenzene by Baker’s Yeast.

Aniline

Nitrosobenzene Baker's yeast  Temperature Time Yield * (%)
(g) (g) (T (hr) Nitrosobenzene Phenyldiazene oxide Aniline
0.5 30 80 1 0 109 89.1
0.5 30 80 2 0 8.1 919
0.5 30 80 4 0 5.2 948
0.5 30 80 5 0 6.5 93.5

Reaction conditicns are described in the text.
*GC yields.

HCl 0.2g, 1-naphthylamine 0.4g$ 7}sted 80°C
of A} 247t F<ot w2171 A3} anilineo] 69.8%
dojHom 7he ul-eF A4 nitrobenzene-& nitro-
sobenzene®t} NH,OH-HCl, 1-naphthylamines||
9J3] anilineo 29} 3H{Iuks- Aol A4l ] ZA
&l & wopct.

Nitrosobenzene 0.5g¢l| baker’s yeast 30g2 7}
8lo] 80 CNA 2417 Bk A3 o 91.9% 9
o 42 old@lo] ddojH om(Table 4), baker’s
yeast® #7}5x] ¢ nitrosobenzene®t 80 CE
7}d%todx phenyldiazene oxide7} 10% o} XA
He= 7loZ Hol 80TCo|A nitrosobenzene ]
baker’s yeast 3Hd-& opdal Ao 2 AA AP
ttz ALE ¥l Baker's yeastol] 9J3F JEZ7]¢]
g = NaOH = baker’s yeast® o]- sh}
BT Hrleta] oo Fubsol A A ¢
gto}(Table 1) YEZA7|= NaQHE #H7}sHA|
923 baker’s yeastulol| 9Jsf Al4-3] $d=]o] ani-
line& AAstd e Y42 FT-IRz} NMRE A}
438l =olslgitt. nitrobezeneo] nitrosobenzene
2o} NH,OH-HCl, 1-naphthylaminee] 2]} ani-
linec 2o #Huks Agfo] MR o FA whajs

+ AMJ3 nitrosobenzeneo] thE H7IE glo]
baker’s yeastutel]l 28} A anilinec 2 FYUuts

o] A FPH I ALA-& nitrosobezene¢] nitrobezene
©] baker’s yeast ¥H<lolA #Hd FHAZ 24
Vg AnsETh Az,

Glucosed] 23t YEZ 7] 34-& phenyldiazene
oxide®} phenyldiazenes 74 AP o=
A2 E|= e, UEZ7]9) baker’s yeast 32
HERZ FHAE AXMA oln|erlE AgE 7ts
ol gz AR =, olgt ubg w7l F el A
g3 F4E Y5t YEREL7 8 546 #F
AF7} Zl8 = ofok & Ziolct,

& o

m-Bromonitrobenzene< baker’s yeast(Sigma
type 1), glucose, baker’s yeast®} glucoseo] £
) 86~91%29 =& 4842 345 m-bromoan-
lineg AAs}9dc}. =&k Nitrosobenzene-2 baker’s
yeast(Sigma type I)ef 93 A&3] 2 ¢E€2
4= anilines- BA59ch

A A

2 ATE HAgEE Qe A1) s $a5
s1om olo] ZHAFEYuct.
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