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Abrtraot. O-Bauglatodo~ydrin8 of esautioald@hyder 
havebo~lu8duo~~1QIthe8ub8trato8 inthobeazoincondon- 
ation. Theymere troatodwith~tio aldahyde8undwpharo- 
~~~troa?rrton~tiabruoinb~~8.Bythtr, 
mothodald8hyd88crhiahfaLlto~goO owlul8atictaau8ilqtra- 
dLtLooal~U~oaJdbooosrp~intob~oinrr.Bytho 
~polungofroaotivityoftho pul&ont aldehydo it wu po88L 
blotopr@8rab&hl8cmex'ioimr~~~ bonzoirm, inclu 
a thdmoally 1088 stablo on.8. 

Thebanzolnc onden~tlonhaa reaurtlybeenroaognlzada8 one of the goneral 

01a88 of roaatio~ that lnvolvo ma8ked aoyl anion equivalent8 as lntmmd.iate8 I-5 . 

A dowed maahaniatlae -d uhoual that the autite oarbanion lntemodiate,a C- 

deprotonatod oyarrohydrin, i8 form& in appreciable ~ount8 during thir prcuerrr 

~Bquation II. 
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Equation 1 

Thoiqportenooof O-protoctadaldohyde ~yandwdrins a6ma8kod carbonylanlon 

.quivalexrta ha8 boaa froquontlydaomtratod and l8 de8crlbed in several rwleu8 

'-5@7. T&1ro8t8Jrkpatiaally blVO8tl~tdWUWhO tX'irPOt&Jbilyl l thI-8 Of a1.0.. 

matllaumib- 

zoyl~" 

titidahydo8B' 

l ~owca=bow1'2 .tmmmY1 '3,14 and vinyl ether adduot ' 

, but other @‘uq~r 8Uch,$t$n- 

havobemu8dfarprotootlopof thohydx'oxgfunotion, Doprotoaationof thO80 

oyanohydrln8urdorfho aatlonof 8trongba808, usually llthlum dii8opropylamid0, 

follawd by trutwnt8wgh a wldo varloty of alootxwphilu is of &roat synthotlo 

value. Ina fou cafma * ti#latiO alddiyd.8 8U'VOd a8 e1OctIXQhi108 aYing rile 

to aoyloiru. 
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Many improvementa of the benzoln aondensation have been intraduoed slnao ltr 
blaawery,AtradFtFolvl~rd~tionhasPlwayabe~pe~o~~byh~tlngai the 
aldehyde or aldehydoa ln aqueous alcohol aa solvent with the cyanide ion a8 cata- 
ly&J7 . 

temperatlmJ8. 

The uao of thlazollum salts enabled the aondensatlon to pgceed at room 
It aan almOb performed in bipolar aprotlc solventa or under 

phasttran8fer ooncutiolui . Reaently,d-heterosubatltuted benzyl phosphonate has 

been aaployed as an aayl anion 8quival8nt in the preperatlon of various&hydroxy 

ketones,lnoludlngbenzoins 2'-23. Early attamp* to apply O-benzoylated aramatla 
aldehyder ayanohydrlna as one 05 the substrata8 in benzoin oondensation were re- 

ported ta reaultlnlow yiolda af pmduots W0ri.n mixtures 0r benzolna'1V24. 
We report here animpnnrementaf tibia methodby introduaing benzoates of ays 

nohydrirus of aromatlo aldehydes as one of the aub&xater as well as by perfor- 

mingthi8 routotlonin a two-phaao oatalytlo eyattg 25(Equatlon 2). 

?-95 
Al-OH + 

6N 
Ar,-CHO 

Equatlon2 

ZWe retits of aur exportienta are listed in Tablo 1. 

In the firat step of our proaeduro half of the aldehydo, or one af l ldehydw 
ln the -80 of mixed ao&onaatlon. was converted lntotho ayanohydrlnbenzonteJ 
by werPLght Stirring with benzoyl chlorldo ud aqueous Pothole hydroxide in 
the presenao of pha8ttran8fer oatalyat at ram Wperature. In the seaold atop, 

the ayanohydrlnwaa deprotonated lnatwo-phase ays~aontalnlng5@ 8odlumhy- 
droxlde, and trlethylbenzylarPotium ohlorlde (TBA) pld treated with the ptartner- 
-aldehydea ta givobenzolnbez~oatej. Praduota WOIY purified either by oryatal- 

lization or by aolumn Wtagraphy followed by cry~talllr.atiam. Hydralyria af 

the masking graupwer l oblsv~bbptr~~~tqij~aaetO~~~ewlthtwomoLpr 
l quhalenta of O.lN sodium hydroxide at roam Wperature under the atmosphere 
of ar&ontaprovidethebenzoina~. Uhenthla reaationwu oarrled out lathe 
presenae of air, benzoat.88 3 oould be tranafd to benzilrz (Equation. 3). 

Under theao aondltlona ranoval of thebenzoylgraupfrorao~paunda possessing 
eleotromrithdrawlng subatltuent~ @,a&) was not poaalble without cleavage of 
the aentral C-C bead. In the oaao of Jf lsomerlaatlon to the more stable lamer 

(38) during hydrolyalawaa observed. 

88 
Ar-C-CAr, 

1 

O.lN NaCH 

-cH3cN 
O.lN NaOIi 

'Vmii 
BPH 

Ar-C-CH-Ar, 

Using our rodlfloatlon oi the benzoln oondensatlon we bve beon able to pre- 
pare 8Fetrlaalbenzolna fromaldebydeawhlohfail to undergo aondeneatlonunder 
traditional oonditlona (e.g. p-nltro-, p-ayano-,p-b~o-benzaldehyde~)s~17 aa 
well as to aontrol the ngiospeoifialty af the mixed benzoin aondensatlon. In the 
latter aaae,theoretiaally,tro syprmetrloel and two unsylpletrloal benzolna aauld be 
fowedd; in praatlco,only ane unaymetrloal 1saPIer la leolated. It is the thenuo- 
dynemioelly more atablo p+uat, in whlah the oarbonyl gruup la adjacent to the 
phenyl ring bearing the more eleatrondonatlng subatltuent. Cur two-step prouedure 
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enables us to synthesize both of the isomsria unaymmetrlaal benzoins by the Um- 

polung of reaativity of the pertinent aldehyde. In this way we have also prepared 
the less stable isomers (e.g. Jf,g) whiah aould not be obtained7by the benzoin 

condensation but which needed Indirect methods of preparations . 

Table 1 

Benzoin benxoates 2 prepared from ayanohydrins benzoates 1 and aldehydes 2 
and their hydrolysilr~) and oxidation (2) ?jroduata 

------ L -__~_____~__--_~____~-~~~~~~~~~~~~~~~~~~~~~~~~-~~~~ 

CcmP. PR 
Ar-d-k.H-Ar, y' M.P. MS2 

Ar Arj R % OC Ar-C-O/+ % ____________-___-__________________u____~-~~~~-~~-~~~~~~~~~~~~~~~~~~~~~~ 

za6 3&-OCH2OCgH3 

s6 4-CNC6H4 
Ja 4-N02C6H4 

Jd 4-BrC6H4 

4-CNC6H4 

4-N02C6H4 

4-BrC6H4 

HCi+-CO 

CC0C6H5 

0C0C6H5 
0Coc6H5 

kd 4-BrC6H4 4-BrC6H4 OH 

95 167-16g3 
83 118~1204 

50 174-175.55 
77 123-127 

80 132-134 

68 106-1067 

95-9S7 

85 94-96.58 

4+C6H4 RCH-CO 

0coc6H, 

0cocgH5 
OH 

RCH-CO 

0C0C6H5 
Ococ6H, 
OH 

57 224-225' 

40 l16-11g10 

72 121.5-124” 

02 lo5.5-lai,12 

42 6060.5’ 3 

85 141.5-743 

63 130-131.5 

64 126-128’4 

‘49 58 

‘49 61 

‘49 100 

‘30 36 
150 1 

183 76 

185 76 

183 76 
185 100 

183 100 

185 99 

135 90 

105 100 

135 100 

135 100 

150 3 
105 100 

105 100 
__-__~~_-~___~-uII_~__wwII -______-_ u__--------- 
1 

Yielde are based on pure, crystalline produota. 2M aas spectrometry ia a very 
comenlsnt tool for dlstlnguiohing between lsomeria benzoine. ArclO+ fragment 

lone appear in moat of the spectra as mar)or peaks. They accompany the predo- 

minant ester fragmentation in benzoates 2. 316g0C27. 41180C28. 5173-1740C2g. 
6 One molar equivalent of 10% sodium hydropde wa@ used for the generation of 

carbaniona instead of the 50)( solution. Crystallize8 in two polymo hit forms. 
8g0C;, 99-10O~C~'. g,l-,3°C32. 10119.5-120.50C33. "127-128°C33. ?2 89.10e°C 

61 5-65'? I4 . . . 125126'& 

AIpong experiment.8 whlah were carried out we have met some exceptions. The 
condensation of benzaldehyde ayanohydrin benzoate with dimethylaminobenzaldehyde 

resulted in mixture of both beinzoates 2 and their hydrolysis produata ,4. This may 
be duo to the great inskbllity of the less stable primary kinetic product rather 

than due to the lack of regiospeaifiaity. Also the reaationa of benzaldehyde 
cyanohydrin benzoate with psitrobenzaldehyde and p-bramobenzaldehyde cyanohydrin 
benzoate with benzaldehyde did not lead to a single produat but to aomplexed mix- 

tures of producta, However, in many other cases this method givea satisfactory 
results (Table I). 

We have applied this mcfied benzoin aondensation to the total synthesis of 
seao-laoquinoline alkaloida with suacesa and we believe that It will be useful 
in other syntheses a8 well. 
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Melting points wore determined on a Kbffler block end are unaorreated. IR 
speatra were taken in KBr pellets on a Perkin-Elmer 180. BI mass spectra were re- 
corded on a Jeol MS lOOD at 25 and 7OeV* CI mass spectra on Finnigan 1015D spec- 
trcmeter with a model 6000 data oollectfon system. Purit of all 
pounds was aheoked by TLC on precoated plates (Merok, 

repared can- 
s s % 

liaa gel was used for column chromatography, 
ioa gel OF 254). MN si- 

Cyanohydrins benzoates 1 . General procedure. 

(2ml) 
Aldehyde (O&S) WG dissolved in benzoyl chloride (3ml) and dichloramethane 
was added when necessary to dissolve the aldehyde. Potassium oyanide (2g) 

in water (6ml) was introduaed dropwlze at ice-bath temperature. Triethylbenzyl- 
ammonium chloride TEZU, 15Qag) was added and this Ga-phase 
overnight at room L 

a stem was stirred 
perature, and then, worked-up in the us d way. Pure products 

were obtained either by orystall1sation of the crude material from ethanol or by 
filtration through silica gel followed by crystallization from ethanol. 

2-Benzoyloxy-2-phenylacetonitrile. 

74%. M.p. 56~9~c,(61~c~~). Found %: C 75.84, H 4.89, N 5.69. C,5H11N02 (237.26) 
req. %r C 75.94, H 4.67, N 5.90. 

2-Benzoyloxy-2 (3.4-methylenedioxyphenyl) aoetonitrile. 

92%. H.p. 51-53'C, (57'C5). Found %r C 68.23, H 4.10, N 4.82; C16q1N04 (281.27) 

req* %: C 68.32, H 3.94, N 4.98. 

E-Benzoyloxy-2(4-oyanophenyl)aoetonitrile. 

46%. &p. 1W-lo1.5°c. Pm, om-'t 2240, 1740. MS m/z (95): 262 (M+, 11) 141 (26) 

105 (100) 77 (53). Found $6: C 73.36, H 3.77, N 10.72; C16H,oN202 (262.27) req. % 

C 73.27, H 3.84, N 10.68. 

2-Benzoyloxy-2(4-nitrophenyl)acetonitrile. 

79%. M.p. 116-117.5'~ (dichloromethane-n-hexane),(114-115°C37). 

E-Benzoyloxy-2(4-bromophenyl)aoetonitrile. 

89%. M.p. 66-67.5'C (solidified oil digested with n-hexane). P_ cm-': 1725. MS 

m/z (%)r 337 (M+, (1) 315 (M+,(l) 196 (1) 194 (1) 186 (17) 184 (18) 185 (26) 

183 (25) 157 (12) 155 (12) 105 (100) 77 (49). Found %: C 56.80, H 3.02, N 4.31. 

C15H,0N028r (316.16) req. %r C 56.99, H. 3.19, N 4.43. 

2-Benzoyloxy-2(4-methoxyphenyl)acetonitriler 

94%. M.pi 63-65'C (66-67°C38). Fouad %: C 71.75, H 4.98, N 5.23. C,6H.,3N03 
(267.29) req. %r C 71.90, H 4.90, N 5.24. 

Benzoin aoldensation. Oeneral procedure. 
A two-phase system watposed of ayanohydrin benzoate 1 (ImM) in benzene 

(2-4al), 50% sodium hydroxide (0.2mL) and triethylbenzyl&onium chloride (TEBA 
15mg ) was stirred for 10 min. under an atmosphere of argon. Then, the aldehydeh 
(h&l) in benzene (2-4ml) was added at ice-bath temperature and stirring was aon-- 
tinued for 0.5-5h at room temperature. The oourse of the reaction was monitored 
by TLC. Phases were separated and the organia layer was Washed with water ti 
worked-up in the usual way. 

Results of the above aondensation are s ummarized in Table 1. 

2-Benzoyloxy-1,2-bis(4-cyanophenyl)ethanone (3). 

77%. M.P. 123-127'C. ti_ cm-': 2230, 17300, 1705. CI-NH3 MS m/z(%): 367 @+I+, 

34) i M.8 m/n (%): 235 (6) 130 (26) 105 (100) 77 (46). Found %r C 75.21, H 3.96, 
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N 7.70. C2fi4N2 0 (366.38) req. %: C 75.40, H 3.85, N 7.65. 3 

2-~~oylo~~l,2-bl~(4-nitroph~Yl) ethanone (3). 

80%. Mep. 132-I 34Oc. P _ or& 1720, 1700. CI-NH3 RS dz (%I: 407 (M+1+,3). W 

m/z(%)t 255 (1) 150 (6) 735 (20) 105 (100) 77 (33). Fwnd%r 62.34, H 3.43, 

N 6.76. C21%4N207 (406.36) req. %t C 62.07, H 3.47, N 6.89. 

2-Benz0yl0~y-l,2-bls(4-brmophenyl)&hanoAe (3). 

68%. H.P. lC6-loS°C or 95_98'C (polymorphlsn). P_ an-': 1715, 1690. MS 42 (%)t 

475 (M+, (I) 291 (42) 289 (45) 185 (77) 183 (79) 105 (100) 77 (100). mumi 95: 

C 53.57, H 2.92, C21$40$ r2 (474.15 > req. %t C 53.20, H 2.98. 

21Be~zoyl~xy-1 (Icnitrophenyl)..2-phelWlethaaons (28). 

85%. M.p. 141.59143'C (methanol) . P,, oa?t 1720, 1690. PIS m/z(%)t 257 (2) 

150 (3) 135530) 105 (100)77 (55). Found%: C 69.50, H 4.38, N 3.71. C21q5No5 

(361.36) reqr %t C 69&O, H 4.18, N 3.88. 

2.Benzoyloxy-2 (4_bxxmophenyl)-1 -phen.ylethmone (3). 

6%. H.P. 130-131.5'C. 3* om-‘t 1705, 1680, MS 4z(%)t 396 (2) B4 (2) 291(10) 
289 (lo) 105 (100) 77 (32). Found %t C 63.59, H 3.89; C2,H1$r03 (395.26) req. %: 

C 63.81, H 3.83. 

Hydr~lyala oibenzolgroup. Generalprocedum. 
BenzoinbeAzoa 

'f bubbled Sor 15 ADA. 0. 
(Iti was dissolved in acetonltrlle (5Qnl) and argon was 
N S 

(ca. 0.5h 
od?umhydroxlde(2mN 2&l)was thenaddeddropwite 

and the sOl~ti0~ was Stirred at FoOti tOq#0ratUre Until TLC InblOated 
no more B gbmmate. The reaotU~I1LIXturewae thenaoidlfiedwwith 5%hydro- 
ohlorio aoid and aoetonitrilo vae removed urxhr reduced pressure. The aqueaua re- 
oiduewaa extraotedwlth ethorand the organio extreot6werewaahed with 5% sodlua~ 
hydroxide and with water, end then worked-up in the usual 

The prepared bmzoin,3 are ohamoterlzed in Table 1. 
way. 

H~ly~sandairoridationoiburto~b_oatee . General procedure. 
A rrolution of be!xOiA bmzoate J (l&l) in aoo b nitrile (5Oml 

dlumhydroxide(2mN 2~)waastirredatroomtemperatureu~tll k 
and O.lN so- 
ClAdloated 

thedlaappearaAoe oi alow~mwlng~ompound(bentoin),io~a6 intermediate 
produot. The reactlo~ mlxtum 
worked-up as above. 

was than aoldlfled with 5% hydroohlorlc acid arxl 

The prepared b-6 2 are aharaoterlzed in Tablo 1. 
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