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Abstract, O-Benzoylated cyanchydrins of aromatic aldehydes
have been used as one af the substrates in the benzoin conden=-
sation., They were treated with aromatio aldehydes under phase-
transfer conditions to result in benzoin dbenzoates. By this
nethod aldehydes which fail to undergo condensation using tra-
ditional conditions could be converted into benzoins, By the
Unpolung of reactivity of the pertinent aldehyde it was possi-
ble to prepare both isomeric unsymmetrical benzoins, including
the thermodynamically less stable ones.

The benzoin condensation has recently been recognized as one of the general
class of reactions that involve masked acyl anion equivalents as intermediates' =2,
A detailed mechanistic study® showed that the active oarbanion intermediate, a C-
deprotonated cyanohydrin, is formed in appreciable smounts during this process
(Eq\mtlon 1)
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Equation 1

The iaportance of O-protected aldehyde cyanohydrins as masked carbonyl anion
equivalents has been frequently demonstrated and is described in several reviews
1-5 *7, The most systematically investigated were the trimethylsilyl ethers of aro-
matic and hetercaromatic aldehydes txylx:nhytl.ﬂ.nl3 '8, but other groups such as ben-
20y19=11 alkoxycarbonyl'?, tetrehydropyranyl'>*'* and vinyl etner adduot!3+€
have been used faor protection of the hydroxy function, Deprotonation of these
cyanochydrins under the action of strong bases, usually lithlium diisopropylamide,
followed by treatment with a wide variety of electrophiles is of great synthetic
value. In a few cases®*'C aliphatic aldehydes served as electrophiles giving rise

to acyloins,
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Many improvements of the benzoin condensation have been introduced since its
discovery. A traditional condensation has always been performed by heating of the
aldehyde or aldehydes in aqueous alcohol as solvent with the cyanide ion as cata-
lylt5'17. The use of thiazolium salts enabled the condensation to proceed at room
tnporaturow. It can also be performed in dipolar aprotic solvents19 or under
phage=tranafer conditiomzo. Recently,cC ~heterosubstituted benzyl phosphonate has
been employed as an acyl anion equivalent in the preparation of various -hydroxy
ketones, including bonzoins21"23. Early attempts to apply O-benzoylated aromatic
aldehydes cyanohydrins as one of the substrates in benzoin condensation were re-
ported to result in low ylelds of products and/or in mixtures of benzoins' ' 2%,

We report here an improvement aof this method by introducing benzoates of cya-
nohydrines of aromatic aldehydes as one of the substrates as well as by perfor-
ming this reaction in a two-phase catalytic systenzs ( Equation 2 ),

9coCets CgHg/ SORNROH 9 §CoCels
r=CH + Ar=CHO0 ———————> Ar=C~CH-Ar,
] TEBA, Argon
CN
i 2 2
Equation 2

Some results of our experiments are listed in Table 1,

In the first step of our procedure half of the aldehyde, or one of aldehydes
in the case of mixed condensation, was converted into the cyanohydrin benzoate 1
by overnight stirring with benzoyl chloride and aqueous potassium hydroxide in
the presence of phase~transfer catalyst at room temperature, In the second step,
the cyanohydrin was deprotonated in a two-phase system containing 50% sodium hy-
droxide, and triethylbenzylammonium chloride ( TEBA) and treated with the partner-
-aldehyde 2 to give benzoin benzoate 3. Products were purified either by orystal-
lization or by column chromatography followed by crystallization. Hydrolysis of
the masking group was achieved by treatment of 3 in acetonitrile with two molar
equivalents of 0,1N sodium hydroxide at room temperaturs under the atmosphere
of argon to provide the benzoins 4. When this reaction was carried out in the
presence of air, benzoates j could be transformed to benzils 5 (Equation 3).
Under these conditions removal of the benzoyl group from compounds possessing
electronwithdrawing substituents ( 3v,c,g) was not possible without cleavage of
the central C-C bond., In the case of 3f isomerisation to the more stable isomer
( 4e) during hydrolysis was observed,

09 0.1N NaOH ﬁi:we% 0.1N NaOH O oH
AI\-C-C-AI‘.‘ W Ar=C 4]‘1 m AP—C-CH-An‘
) 3
2 2 4
Equation 3

Using our modification of the benzoin sondensation we have been able to pre-
pare symmetrical benzoins from aldehydes which fall to undergo condensation under
traditional conditions (e.g. p-nitro-, p-cyano-, p—brmno-bonza:l.dehydu)5 217 as
vwell as to control the regiospecificity of the mixed benzoin condensation, In the
latter case, theoretically, two symmetrical and two unsymmetrical benzoins could be
formed; in practice,only one unsymmetrical isomer is isolated, It is the thermo-
dynamically more stable product, in which the carbonyl group is adjacent to the
phenyl ring bearing the more electrondonating substituent., Our two-step procedure
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enables us to synthesize both of the isomeric unsymmetrical benzoins by the Um-
polung of reactivity of the pertinent aldehyde. In this way we have also prepared
the less stable lsomers (e.g. 3f,g) which could not be obtained by the benzoin
condensation but which needed indirect methods of preparations17

Table 1

Benzoin benzoates 3 prepared from cyanohydrina benzoates 1 and aldehydes 2
and their hydrolysis(4) and

oxidation (5) products

Comp, Ar=C-CHedr, r M ns®
Ar Ary R % % Ar-C=0/* %
38 3,4-0CH,0CgH;  3,4-0CH,0CgH,  OCOCGH; 95 167-1692 149 58
4a 3,4-OCH,OCGHy  3,4=0CH,0C.H; OH 83 1182120 w9 61
28 3,4-0CH,0CGH;  3,4=0CH,0CH;  KCiaCO 50  174=175,5° 49 100
. 4-CNCgH, 4=CNCgH, 0COCgH,  T7 123127 130 %
308 4No,C H, 4=NO,CcH, 0COCgH, 80  132-134 150 1
34 4-BrCgH, 4=BrC.H, ococg, 68 106.1037 183 76
95-98 185 76
44 4=BrCgH, 4=BrCgH, oH 85  94-96,5° 183 76
185 100
54 4=BrCgH, 4-BICGH, RCHeCO 57  224=225° 183 100
185 99
Ze 4-CH,0CKH, CeHs 0COCH 40 116-1191°11 135 90
A Cg 4=CH 0CgH,, COCgHy 72 121.5-126 7 105 100
4o 4=CH,0CqH, CeHs oH 82 105.5-107 135 100
20 4=CH,0CGH, CeHy RCH=CO 42 60-60.5'> 135 100
38 4-NO,CH, CgHg 0COCgHg 85  141.5-143 150 3
b Cgly 4=BTCH, 0COCgHy 63 130-131,5 105 100
4b CgHy 4~BrCgH, OH 64  126-128 105 100

1

Yields are based on pure, crystalline products, ZMass spectrometry is a very

convenient tool for distinguighing between isomeric benzoins. Arc=0" fragment
ions appear in most of the spectra as major peaks. They acconpany the predo-
minant ester fragmentation in benzoates 3.
6On. molar equivalent of 10% sodium hydroxide was used for the genseration of

carbanions instead of the 50% solution.
8589c30 . 99-100°c3!, 9221-223°c32,

17, 1361, 5-65%%, 125-126°c2,

seco=1soquinoline alkaloid326

3169°

10119,5-120,5°¢33,

4418928,

Crystallizes in two polymo

11427-128%¢7

2173-174°¢22

hic forms,
73

89 108°C

Among experiments which were carried out we have met some exceptions, The
condensation of benzaldehyde cyanohydrin benzoate with dimethylaminobenzaldshyde
resulted in mixture of both benzoates 3 and their hydrolysis products 4., This may
be due to the great inastability of the less stable primary kinetic product rather
than due to the lack of reglospecificity. Also the reactions of benzaldehyde
cyanchydrin benzoate with p=nitrobenzaldehyde and p-bromobenzaldehyde cyanohydrin
benzoate with benzaldehyde did not lead to a single product but to complexed mix-
tures of products. However, in many other cases this method gives satisfactory
results (Table 1)
We have applied this modified benzoin condensation to the total synthesis of

in other ayntheses as well.,

with success and we believe that it will be useful
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erim

Melting points were determined on a Kb&ffler block and are uncorrected. IR
spectre were taken in KBr pellets on a Perkin-Elmer 180, EI mass spectra were re-
corded on a Jeol MS 100D at 25 and 70eV; CI mass spectra on Finnigan 1015D spec-
trometer with a model 6000 data collection system. Purity of all grepared com-
pounds was checked by TLC on precoated plates (Merck, silica gel 60OF 254), MN si-
lica gel was used for column chromatography.

Cyanohydrins benzoates 1 . General procedure,

Aldehyde (0.02M) was diasolved in benzoyl chloride ( 3ml) and dichloromethane
(2ml) was added when necessary to dissolve the aldehyde., Potassium cyanide (2g)
in water (6ml) was introduced dropwize at ice-bath temperature. Triethylbenzyl-
ammonium chloride { TEBA, 150mg) was added and this two-phase system was stirred
overnight at room perature, and then, worked-up in the us way, Pure products
were obtained either by orystallization of the crude material from ethanol or by
filtration through silica gel followed by crystallization from ethanol,

2=Benzoyloxy=-2~phenylacetonitrile.

Th%e Mape 56-59°C,(61°C7%), Found %: C 75,84, H 4,89, N 5.69. CqgHy4NO, (237.26)
reqe %: C 75.9‘0. H 4.67. N 5.90,

2=Benzoyloxy=2 ( B,Mothylonodioxyphonyl) acetonitrile,

92%, M.pe 51-53°C, (57°C%). Found %: C 68,23, H 4,10, N 4,823 CyHy1NO, (281.27)
reqe %: C &.32. H 509“’ N 1’0980

2-Benzoyloxy-2 (4=cyanophenyl}acetonitrile,

46%. Mops 100-101,5%, P___ om™': 2240, 1740, MS m/z (%): 262 (M*, 11) 141 (26)

105 (100) 77 (53)s Found ¥: C 73,36, H 3,77, N 10.72; CigHigNo0, (262.27) req. %
C 73427, H 3.84, N 10,68,

2-Benzoyloxy=-2(4~-nitrophenyl) acetonitrile,
7948« MePe 116=117, 5% ( dichloromethane-n-hexane), (114=11 5°C37) .

2-Benzoyloxy-2 (4-bromophenyl)acetonitrile,

89%. Mops 66-67,5°C (solidified oil digested with n-hexane). ¥, cm™l; 1725, Ms

m/z (%): 37 (M*, (1) 315 (M*, (1) 196 (1) 194 (1) 186 (17) 184 (18) 185 (26)
183 (25) 157 (12) 155 (12) 105 (100) 77 (49). Found X: C 56,80, H 3,02, N 4,31,
C15H10N0213r (316‘16) reqe. %1 C 56099p H, 3019. N 4,43,

2-Benzoyloxy=2(4~methoxyphenyl )acetonitrile.

9k Mops 6365°C (66-67°C°). Found %1 C 71.75, H 4,98, N 5.23. Cygl; NO,
(267029) r'eqQe %: C 71090. H “‘090. N 5.24,

Benzoin condensation, General procedure.

A two-phase system composed of cyanohydrin benzoate 1 (1mM) in benzene
(Z-Ionl), 50% sodium hydroxide (O.an) and triethylbenzylammonium chloride (TEBA,
15mg ) was stirred for 10 min, under an atmosphere of argon. Then, the aldehyde 2
(1mM) in benzene (2-4ml) was added at ice-bath temperature and stirring was con-
tinued for 0,5~5h at room temperature., The course of the reaction was monitored
by TLC. Phases were separated and the organioc layer was washed with water and
worked-up in the usual way.

Results of the above condensation are summarized in Table 1,

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

7T%. M.p. 123-127°%C, P oax ca™ s 2230, 1730, 1705, CI-NH, MS m/z ( %): 367 (Ms1*,

34) 3 MS mfz (%)s 235 (6) 130 (26) 105 (100) 77 (46). Found ¥: C 75.21, H 3.96,
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N 7.70. c23H110N2°5 {366.38) req. #: C 75,40, H 3.85, N 7.65,

2-Benzoyloxy=1,2~bis(4~nitrophenyl)ethanone (3c).

80k, Mepe 132-134°C, P rax o™ 1720, 1700, CI-NH, MS nz (%): 407 (Me1*,3), MS

w/z (%)s 255 (1) 150 (6) 135 (20) 105 (100) 77 (33)e. Found %¥: 62,34, H 3,43,
N 6,76, CpqHy M50, (406,36 ) req. %t C 62,07, H 3,47, N 6,89,

2-Benzoyloxy=-1,2~bis{4=browophenyl )ethanons (3d).

68%. M.p. 106=108°C or 95-98°C ( polymorphism)s P, ca™ 'z 1715, 1690, MS m/z (¥):

475 (M*, (1) 291 (42) 289 (45) 185 (77) 183 (79) 105 (100) 77 (100). Found %:
C 53457, H 2492, CpqHy,0,8r, (474,15 ) req. %: C 53,20, H 2,98,

2-Benzoyloxy-1(4=nitrophenyl) -2-phenylethanons (3g)e

85K, M.pe 141,5=143%C (methanol) . P, o&™'s 1720, 1690, MS w/z (%) 257 (2)
150 (3) 135 (30) 105 (100) 77 (55). Found %: C 69,50, H 4,38, N 3.71, CpyH,5N0g
(%1.%) Iredqe %3 C 69.80. H ‘&.18, N 3.88.

2-Benzoyloxy=2 ( 4=bromophenyl)=-1~phenylethanone ( 3h).

6K, Mopy 130-131,5%, Py, o&™ 't 1705, 1680, MS Wz (%)1 396 (2) 34 (2) 291(10)

289 (10) 105 (100) 77 (32), Found %3 C 63.59, H 3.89; CpqHy BT, (395.26) req. %:
C 63,81, H 3.83,

Hydrolysis of benzoyl group. General procedure,

Benzoin bonzoazo (1mM) was dissolved in acetonitrile (50ml) and argon was
bubbled for 15 min, O, 1N Sodium hydroxide (2amM, 20ml) was then added dropwize
(ca. 0,5h ) and the solution was stirred at room temperature until TLC indicated
no more s § benzoate. The reaction mixture was then acidified with 5% hydro-
chloric acid and acetonitrile was removed under reduced pressure. The aquecus re-
sidue was extracted with ether and the organic extraots were washed with 5% sodium
hydroxide and with water, and then worked-up in the usual way,

The prepared benzoins 4 are charecterized in Table 1,

Hydrolysis and air oxidation of benzoin benzoates %‘.) General procedure.

A golution of benzoin benzoate 3 (1mM) in acetonitrile (50ml) and O,1N so-
dium hydroxide (2mM, 20ml) was stirred at room temperature until TLC indicated
the disappearance of alower moving compound ( benzoin) » formed as intermediate
product., The reaction mixture was then acidified with 5% hydrochloric acid and
worked-up as above,

The prepared benzils 5 are charecterized in Table 1,
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