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The reactions of phenyl(bromodichloromethy1)mercury (12) with several aromatic aldehydes (benzene, 80 "C: 
followed by treatment with methanol and pyridine a t  0 O C )  were investigated: [aldehyde (significant prodiucts)] 1 la 
(CO. 13a, 14a); l l b  (CO, 13b, 14b); l l c  (CO, 14c, 15c, 16c); 1 Id (CO, l4d). Kelative reactivities with respect to  mer- 
curial 12 (benzene, 80 "C) were 3-CF3PhCHO (0.08), PhCHO (0.3), n-BuCH=CHz (0.3), I-MeOPhCHO ( O . Y I ,  c -  
CsHlo (1.0), and Me*C=CMe2 (15.0). Complexarion between the mercurial and benzaldehyde, which enhanced the 
rate of decomposition of the mercurial to produce :CClz of the same reactivity as that  from the mercurial alone. was 
observed. Ehidence suggests the intermediacy of dichlorocarhonyl Slides. 

Despite the availability of dihalocarbene precursors 
(which upon decomposition do not first produce the trihalo- 
methyl anion), there are few examples of the reactions of such 
divalent intermediates with simple aldehydes and ketones1 
Difluorocarbene from the apparently concerted decomposi- 
tion of sodium chlorodifluoroacetate3 reacts with steroidal 
enones such as 1 to produce, among other products, bis(di- 
fluorocarbene) adduct Z,4 with steroidal dienone 3 to form a 
small yield of rearranged aromatic fluoride 4,4c and with 
methoxymethylene keto steroid 5 to form the product of a net 
1,4 a d d i t i ~ n . ~  

Me /9/1 2C1F,CCO2 Na A I I  I I  

2 

ClF,CCO,Na LA 
diglyme, A 

3 Me 
4 

OMe 

O4 "ClL1 5 6 

2CIF,CCO,Na 

triglyme. A 
F2 

Me 1% 
7 8 

The attack of phenyl(bromodichloromethy1)mercury (with 
presumed intervention of dichlorocarbene)6 on ketone 3 
produced rearranged structures 7 and 8.; Seyferth8 has found 
that the attack of the same mercurial on highly halogenated 
aldehydes and ketones frequently produced isolable dichlo- 
rooxiranes. MerzZd has shown that dichlorocarbene can be 

PhHgCBrCl, 0 
(CF,I,CO e (CF,k2/\ClL 

L , H 6  1 a 
9 10 

used to convert aromatic aldehydes to the corresponding 
mandelic acids. 

In preliminary c o m m u n i ~ a t i o n s ~ ~ ~ ~  we have noted a variety 
of interesting and previously unobserved products from the 
reaction of phenyl(bromodichloromethy1)mercury (12) with 
benzaldehyde and benzophenone. We now report in more 
detail on the reactions of the mercurial with a series of sub- 
stituted benzaldehydes. 

Results and Discussion 
Mercurial Decomposition. Aithough the addition of an  

equimolar amount of phenyl( bromodichloromethy1)mercury 
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Table I. Carbonyl Complexes with 
- Phenyl( - bromodichloromethyl)mercury' 

6CCl 
sco com- 

Compd (free) (plexed) 13co Keqb KeqlC 

PhCHO 1708.0 1696.0 12 0.57 f 0.07 4.5 f 0.5 
PhzCO 1663.5 1647.5 16 0.56 & 0.01 2.8 f 0.1 

5 are given in cm-l and were measured in degassed benzene 
For an assumed 1:l complex. ' For an under argon at ca. 25 "C. 

assumed 1:2 (mercurial-ligand) complex. 

Table 11. Relative Reactivities of Selected Aldehydes and 
- Olefins with Phenyl( bromodich1oromethyl)mercury" 

Registry 
no. kRlb  krelle ________ Compd - 

3-CF3PhCHO 454-89-7 0.08' 
PhCHO 100-52-7 0.3' 
4-MeOPhCHO 123-11-5 0.9' 
n BuCH=CH~ 592-41-6 0.3d 0.3 (0.2)f 
C-CGH10 110-83-8 l . O d  1.0 (1.0)f 
Me#=CMez 563-79-1 15.0d 17.0 (16.0)f 

Precision ca. f 15%. Com- 
petition with equimolar amounts of aldehyde, cyclohexene, and 
mercurial 12. d Ccimpetition with equimolar amounts of benzal- 
dehyde. cyclohexene. a second olefin, and mercurial 12. e Com- 
petition between defins and mercurial 12 in the absence of al- 
dehydes. f Data from C. M. Starks, J .  Am Chem. Soc., 93,195 
(19'71), at 30-35 "c. 

a Benzene solvent. 48 h, 50 O C .  

to a benzene solution of benzaldehyde produces a shift in the 
NMR position of the aldehyde hydrogen of only +0.01 ppm, 
a new carbonyl band can be seen in the IR spectrum suffi- 
ciently separated from the original bands that overlap a t  the 
maximum of the absorption corresponding to uncomplexed 
aldehyde is negligible. Some infrared data are summarized in 
Table I. The known formation of a 1:l complex between 
mercuric bromide or chloride1' with benzaldehyde as well as 
w;th other aromaticll arid aliphatic12 ketones suggests that 
the stoichiometry for complexation of phenyl(bromodich1o- 
romethy1)mercury with benzaldehyde and benzophenone is 
also 1:l. However, it is known that diphenylmercury and 
various perfluoraalkylmercurials form both 1:l and 1:2 
(mercurial to caroonyl) complexes with acetone.13 

Of interest is the observation that the rate of decomposition 
of mercurial 12 i f 8  enhanced somewhat in the presence of an 
equimolar amount of beri~a1dehyde.l~ However, as indicated 
by the kinetic data of Table 11, the relative reactivity of mer- 
curial 12 toward several olefins remains essentially unchanged 
in the presence of a molar equivalent of benzaldehyde, and 
products derived from these olefins were only the anticipated 
dichlorocyclopropanes. The kinetic results imply that, once 
formed, the dichlorocarbene is as free from complexation with 
a metal-containing species as it is believed to be when no 
carbonyl compound is present.17J8 

Aldehyde Reaction Products. The reactions of the aro- 
matic aldehydes with mercurial 12 were carried out with a t  
least a 1.7-fold excess of the aldehyde or ketone and a t  a 
temperature of 80 "C (inert atmosphere, usually in benzene; 
see Table I) for a period of time adequate to ensure complete 
decomposition of the mercuriaLl9 The product mixtures from 
aldehydes 11 were then filtered and treated at 0 "C with excess 
methanol and pyridine prior to product analysis by NMR and 
VPC procedures. Yields are based on mercurial 12. In every 
instance the stated products together with unreacted aldehyde 
or ketone account for essentially all of the starting aldehyde 
or ketone. 

Shown in Table I11 are the major products observed in the 

Table III 

ArCHO + PhHgCBrC12 2 PhHgBr 
en 'C 11 12 

+ co + [reaction] M ~ O H  --+ 
mixture ovridine. o oc 

Ar Additional maior Droducts 

Ph ( l l a )  PhCH(OMe)OCHPhCO&Ie" + PhCHXZ6 
13a 14a 

3-CFsPh (1 lb) 3-CF3PhCH(OMe)OCH(3-CF3Ph)COzMec 
13b 

+ 3-CF3PhCHC12 
14b 

4-MeOPh ( l l c )  4-MeOPhCHXzd + 4-MeOPhCH(OMe)z 
14c 15c 

t 4-MeOPhCHOHCOzMe 
16c 

2,4,6-Me3Ph 2,4,6-Me3PhCHX* 
( I ld)  14d 

Diasteriomer ratio, 1.81. Known to be a substantial mixture 
of benzal chloride and a-chloro-a-bromotoluene. Diastereomer 
ratio, 1.2:l. Presence or absence of bromine not determined. 

reactions of several benzaldehydes with phenyl( bromodi- 
chloromethyl)mercury, while additional data on reaction 
conditions and product yields are summarized in Table IV.  

Acetal esters 13a and 13b were found to be a mixture of 
diasteriomers, but spectral data did not allow threo and 
erythro stereochemistry to be assigned. Both 13a and 13b gave 
a satisfactory elemental analysis, and 13a, when treated with 
aqueous acidic dioxane, was transformed to benzaldehyde and 
mandelic acid (1:l). In addition, 13a was prepared by an in- 
dependent synthesis (the first step of which was patterned 
after a reported preparation of l-chlorodioxole)20 as shown. 

CH,OCHCI, 
Ph <o-(o - [PhCHCIOCHPhCOCl] 

'04 Ph 
17 

18 (threo and erythro) 

MeOH - 13a 
pyridine, 0 OC 

Use of a mercuric chloride catalyst21 followed by the same 
workup procedure used in the study of the reaction of benz- 
aldehyde with mercurial 12 resulted in the same 1.8:1 ratio of 
distereomeric acetal esters 13a. Acid chlorides 18 are assumed 
to be the immediate precursors of the observed acetal es- 
ters.22 

Minor products observed in the reaction of aldehyde 1 la 
with mercurial 12 include the dimethyl acetal of benzaldehyde 
(5-6%), methyl mandelate (3-4%), and methyl a-chloro- 
phenylacetate (1-296). 

Reaction Pathways. A variety of observations suggest that 
carbonyl ylides are likely intermediates in the reactions of 
aromatic aldehydes with phenyl(bromodichloromethy1)- 
mercury (Scheme I). Among the more convincing types of 
evidence is the fact that the independent synthesis of a sample 
of acetal esters 13a from dioxolanone 17 resulted in exactly 
the same mixture of diastereomeric esters produced in the 
reaction of mercurial 12 with benzaldehyde (followed by 
treatment with methanol and pyridine). I t  is likely that the 
transformation 17 - 18 involves dioxolane 21 (Ar = Ph),*O 
which would be expected as a product of the 1,3-dipolar ad- 
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Table IV. Summary of Selected Product Data for Reaction of Aromatic Aldehydes with Phenyl(triha1omethyl)mercuryO 
XPhCHO, PhHgCBrYz, (ArCHO)o* No. of 

Y Registry no. (PhHgR)o Solvent CO,' % 13, % runs -- X 

H C1 

H Br 

4-Me0 61 
3-CF3" 61 
2,4,6-Me3 61 
2,4,6-Me3 e l  

3294-58-4 1.7 
3.4 

22.9 
3294-60-8 1.8 

19.5 
1.9 
1.8 
1.7 

20.0 

39 f 7 
36% 1 34 * 7 
7 8 f  1 0 
52% 18 0 
66 0 
57 f 2 d 
11 60 
63 f 3 0 
70 0 

32 f 19 13 
5 
2 
I 
2 
6 
I f  
6 
2 

Reactions done with 15 mmol of PhHgCBrY2 in 30 mL of solvent for 3-3.5 h at 80 "C; yields based on starting mercurial. f 0.1. 
c An equimolar amount of ArCHY2 in which Y2 = Br2, Cl2, and BrCl was formed. Unstable to reaction conditions; 25-42% yield of 
a mixture of 15c and 16c was observed. e A 23-mmol amount of PhHgCBrClz in 35 mL of benzene. f Other runs made under somewhat 
different conditions gave comparable results. 

Scheme I + 

pi 
ArHC CX, 

6- 6- 
19 

-+ ArHCXOCX - CO + 14 

1 ArCHo 

MeOH 
ArH(]" - ArHCXOCArHCOX pyridine 13 

ArH 2 2  
21 

dition of carbonyl ylide 19 (AI = Ph) to benzaldehyde (Scheme 
I). Although the direct formation of either dioxolane 21 or acid 
chloride 22 from oxirane 23 cannot be formally excluded, it 
seems unlikely in view of the observations that 2,3-dicyano- 

/"\ PhCHO 
ArCH--CX2 7 21 or 22 

23 

2 ,3 -d i~heny lox i r ane~~~  and 2-cyan0-2,3-diphenyloxirane~~~ 
form adducts with dipolarophiles only under conditions where 
intermediate carbonyl ylides are formed and because the rate 
law for reaction of tetracyanoethylene oxide with olefins shows 
prior formation of a reactive intermediate (the carbonyl ylide) 
rather than direct reaction of the oxirane with olefin.24 Stable 
1,3-dioxolanes isolated in m e t a l - c a t a l y ~ e d ~ ~ a ~  or photo- 
chemicalZ5*g decompositions of diazo a-dia- 
zoacetophenone,25d and diazomethane2&g with aromatic and 
aliphatic aldehydes and ketones (including benzalde- 
h y ~ ! e ) ~ ~ ~  and from the reaction of substituted epoxides with 
aromatic aldehydes26 have been attributed to the 1,3 cy- 
cloaddition of an intermediate carbonyl ylide to a carbonyl 
group. 

The initial formation of oxirane 23 (rather than carbonyl 
ylide 19) requires that the conversion to ylide 19 (or dioxolane 
21) occurs to essentially the complete exclusion of rear- 
rangement (by carbon-oxygen scission) to  acid chloride 24. 
This seems unreasonable in view of the known facility of the 
latter reaction2' (except for dichlorooxiranes substituted with 
two very powerful electron-withdrawing groups).8 Further- 
more, evidence on carbon-carbon bond scission (analogous 
to that required to go from oxirane 23 to ylide 19) in 2-phe- 
nyl-3-p-tolyloxirane,28 2-cyan0-2,3-diphenyloxirane,~~~ 
2,3-dicyan0-%,3-diphenyloxirane,~~~ tetracyanoethylene 
o ~ i d e , ~ ~ , ~ ~  ethyl 2-methyl-3-phenylgly~idate,~~~ and 2,2-di- 
cyan0-3-aryloxiranes~~~ indicates that these processes would 
be quite slow at  80 "C. 

23 -+ ArCHClCOCl 
24 

The formation of equimolar amounts of CO and gem-di- 
halide 14 coupled with the established ease with which al- 
koxyhalocarbenes break down with loss of C030 indicates the 
likely intermediacy of carbene 20, which can arise by 1,3- 
halogen migration from ylide 19. A transformation similar to 
19 -+ 20 has been postulated in the sequence of steps used to 
explain the small yield of aryl fluoride 4, which is produced 
from treatment of steroidal dienone 3 with sodium chlorodi- 
f l u ~ r o a c e t a t e . ~ ~  

Some additional observations are of considerable interest. 
Reference to the data in Table IV shows that  a change in the 
substituent(s) on the aromatic ring of aldehyde 11 has a dis- 
tinct effect on the distribution of products. For example, the 
yield of CO (and benzal halide 14) increases in the order 3- 
CF3PhCHO < PhCHO < 4-MeOPhCHO < 2,4,6-Me3PhCHO, 
the order of increasing electron density in the aromatic ring, 
a trend which would be consistent with the expected facili- 
tation either of rearrangement of the ylide to carbene 20 
and/or extrusion of CO from carbene 20.30 

The yield of acid chloride 22 (isolated as acetal ester 13, 
Table 111) decreases in the order 3-CFsPhCHO > PhCHO > 
2,4,6-MesPhCHO. Although none of the acetal ester was de- 
tected from the reaction of anisaldehyde (1  IC) with mercurial 
12, significant yields of dimethyl acetal 15c and hydroxy ester 
16c which were observed undoubtedly arose from the acid- 
catalyzed breakdown in methanol of an initially formed acetal 
ester. The lack of any acetal ester (or products from its acid- 
catdyzed methanolysis) from mesitaldehyde (1 Id) may reflect 
in part the operation of an unfavorable steric interaction in 
the formation of dioxolane 21. 

Control reactions (see Experimental Section) indicated that 
the significant amounts of benzal halide product containing 
both bromine and chlorine observed in the reactions of al- 
dehydes lla, l l c ? ,  and l l d  with mercurial 12 did not arise 
from a simple exchange reaction of phenylmercuric bromide 
with the benzal chloride or from the initial production of 
CBrC1. Therefore, the presence of an appropriately substi- 
tuted a-bromo-a-chlorotoluene among the products of reac- 
tion of the more electron-rich aldehydes with mercurial 12 
must be presumed to involve an exchange between phenyl- 
mercuric bromide and one or more of the reaction interme- 
diates. 

When benzaldehyde was treated with phenyl(tribromo- 
methy1)mercury (followed by methanol and pyridine at 0 "C), 
the only observed products were CO and benzal bromide, 
which can can be rationalized as being due to a facilitation of 
the process 19 -+ CO + 14 (Scheme I) because of the smaller 
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C-X bond energy anticipated for bromine relative to chlo- 
rine. 

C6H6 MeOH 

80 "C pyridine 
PhCHO + PhHgCBr3 -+ -+ CO + PhCHBrz 

Kinetic Considerations. Returning to the data of Table 
11, one notes that relative reactivities with respect to reaction 
with dichlorocaroene are 3-CF3PhCHO << PhCHO - n- 
BuCH=CH < 4-MeOPhCHO - c-CsHlo << Me&=CMe2. 
Reactivity increases with increasing nucleophilicity of the 
carbonyl oxygen. consistent with the known electrophilic 
behavior of dichlorocarbene in addition reactions to olefinsls 
and with the assumption of an early transition state for the 
attack rather than one which resembles the carbonyl ylide. 
The latter intermediate, which is isoelectronic with the allylic 
anion, should be stabilized by electron-withdrawing groups;31 
thus, a transition state resembling the ylide would lead to  the 
opposite reactivity order among the aldehydes than that which 
wias 

Conclusions 
The reactions of aromatic aldehydes and benzophenone 

with mercurial 12 in benzene are best described by initial 
breakdown of both mercurial 12 and a mercurial-carbonyl 
complex to give dichlorocarbene. The rate of carbene reaction 
with the carbonyl group was found to increase with increasing 
electron density in the aromatic ring. Although conclusions 
about some of the paths leading to observed products must 
remain tentative, a variety of evidence suggests that attack 
of dichlorocarbene on the aldehyde or ketone first forms a 
dichlorocarbonyl ylide. Once formed, the ylide can undergo 
halogen rearrangement and 1,3 cycloaddition to a second 
molecule of aldehyde. Similar halocarbonyl ylides have been 
suggested to explain the products resulting from the reaction 
of sodium chlorodifluoroacetate with steroidal  ketone^^,^ and 
of mercurial 12 with steroidal ketones7 and highly halogenated 
ketones.8 

Experimental Section 
Elemental analyses were performed by the Department of Medi- 

cinal Chemistry at  the University of Kansas or by Chemalytics, Inc., 
Tempe, Ariz. Melting points are uncorrected. IR spectra were ob- 
tained on Beckman IR-8 and IR-10 instruments with a 1603-cm-' 
polystyrene peak (vs. air) as reference. Proton NMR spectra were 
obtained on a Varisn A-60 spectrometer. Quantitative analyses of the 
NMR spectra of mixtures were based on a known amount of added 
toluene. All chemical shifts are reported as T values. An F and M 
Model 700 Chromatograph (thermal conductivity detector) was used 
for VPC analyses with the following columns: 1096 OV-210 on 80-100 
mesh Gas Chrom €2 (6 ft X in. glass), 10% OV-101 on 60-80 mesh 
Gas Chrom Q (5 ft X in. aluminum), and 10% OV-1 on 60-80 mesh 
Gas Chrom Q (6 f t  X '/e in., glass). Toluene served as an internal 
standard; areas (disc integrator) relative to that of toluene were cor- 
rected for detector sensitivity. 

Reagent grade benzene, toluene, and pyridine were dried and dis- 
tilled from calcium hydride and stored over Linde 4A molecular sieves. 
Anhydrous methanol was dried over Linde 4A sieves or distilled from 
magnesium prior to use. Tetrahydrofuran (reagent) was dried over 
Linde 4A sieves and rendered peroxide free by passing it through basic 
alumina prior to use. Aldehydes were dried over Linde 4A sieves and 
distilled from calcium hydride under purified dry nitrogen or argon 
immediately prior 1.0 use or stored for 524  h under nitrogen or argon. 
Diglyme was distilled and dried over Linde 4A sieves. Mercurials were 
refrigerated and stored under nitrogen or argon. 

Samples of 7,7-dichloronorcarane, 7-chloro-7-bromonorcarane, 
l,l-dichloro-2,2,3,~I-tetramethylcyclopropane, and 1,l-dichloro-2- 
butylcyclopropane were prepared from the corresponding olefin by 
treatment with the appropriate phenyl(trihalomethyl)mercurial.6 
Phenyl(bromodichloromethy1)mercury was prepared in 74-8096 

yields (based on PhHgC1) by a modification of the procedure of Sey- 
ferth33 in which the bromodichloromethane (freshly distilled) was 
added dropwise (30 min) to a cold (-25 "C) solution of phenylmer- 
curic chloride, potassium t e r t -  butoxide, and tert-butyl alcohol in dry 

tetrahydrofuran, followed by stirring for 30 min prior to workup. Mp 
108-110 "C dec (lit.33 mp 108-110 "C dec). 

Mesital chloride was prepared from mesitaldehyde and thionyl 
chloride. Mp  34-36 "C (lit.34 mp 35-36 "C). 

a-Bromo-a-chlorotoluene was prepared by the addition of bro- 
mine 'io benzyl chloride at  150 "C under the influence of ultraviolet 
light.35 The NMR spectrum (CC14) showed a multiplet at  T 2.40-2.82 
(5 H) and singlets a t  T 3.39 and 3.44 (1 H total), with the latter signal 
corresponding to benzal bromide impurity.36 

Dimethyl acetals of benzaldehyde, anisaldehyde, and mesit- 
aldehyde were prepared by treating the aldehyde with an excess of 
methanol in the presence of p-toluenesulfonic acid and removing 
water with Linde 3A molecular sieves in a Soxhlet extractor. The 
distilled product from benzaldehyde had bp 87-88 "C (18 Torr) [lit.37 
bp 88 "C (18 Torr)]; NMR spectrum (cc14), multiplet a t  T 2.50-2.82 
(5 H) ,  singlet a t  T 4.63 (1 H) ,  6.79 (6 H). The product from anisal- 
dehyde had bp 125 "C (13 Torr) [lit.38 bp  249-250 "C (760 Torr)]; 
NMR spectrum (CC14), AzB2 multiplet a t  T 2.62, 2.76, 3.13,3.27 (4 H), 
singlets a t  7 4.68 (1 H), 6.24 (3 H),  6.80 (6 H). The product from 
mesitaldehyde had bp 11&118 "C (10 Torr) [lit.39 bp 242-243 "C (741 
Torr)]; NMR spectrum (CC&), singlets a t  T 3.32 (2 H), 4.63 (1 H), 6.75 
(6 H), 7.68 (6 H) ,  7.82 (3 H).  

Methyl a-Chlorophenylacetate. a-Chlorophenylacetyl chloride 
(6.1 g, 0.032 mol) was added slowly (30 min) to a xirred solution of 
methanol (1.1 g, 0.034 mol) and pyridine (2.6 g, 0.033 mol) in benzene 
(20 mE). After 4 h the reaction mixture was worked up in the usual 
manner to give the ester (2.73 g, 0.0148 mol, 46%): bp 121-123 "C (12 
Torr) [lit.40 bp 124 "C (8 Torr)]; NMR spectrum (CC14), multiplet at  
T 2.50-2.85 (5 H) ,  singlets a t  T 4.75 (1 H) ,  6.40 (3 H) ;  IR spectrum 
(CCld), carbonyl at  1760 crn-'. 

Methyl a-bromophenylacetate was prepared from phenylacetic 
acid,41 bp 82-83 "C (1 Torr) [lit.41 bp 122-146 "C (20 Torr)]; NMR 
spectrum (CC14), multiplet a t  T 2.60-2.90 (5 H),  singlets a t  T 4.70 (1 
H), 6.50 (3 H). 

Methyl p-methoxymandelate was prepared from anisaldehyde 
by the general method of K n ~ r r . ~ ~  Distillation at 5 Torr followed by 
recrystallization from water produced a white product, mp 39-40 "C; 
NMR spectrum (CC4), A2B2 pattern at  7 3.03 (4 H), singlets a t  T 5.01 
(1 H), 5.93 (1 H), 6.38 (3 H), 6.45 (3 HI; IR spectrum (CC14), 3450, 
2960, 2840, 1735, 1614, 1515, 1442, 1245, 1177, 1080. 1030,833, 797 
cm-1. 

Anal. Calcd for CloH1204: C, 61.21; H, 6.17. Found: C, 61.09; H, 
6.28. 

Methyl Mesitylglycolate. Mesitylene was first converted to 
2,4,6-trimethyla~etophenone~~ followed by selenium dioxide oxida- 
tion, hydration, and rearrangement to the glycolic acid.44 Esterifi- 
cation with d i a ~ o m e t h a n e ~ j  resulted in a white crystalline product, 
mp 88-90 "C (lit.44 mp 90-91 "C); NMR spectrum (CC14), singlets at  
T 3.15 (2  H), 4.43 (1 H), 6.25 (3 H), 6.80 (1 H, broad), 7.68 (6 H) ,  7.74 
(3 H); IR spectrum (CCId), 3520,2960,2860,1740, 1610, 1440,1370, 
1230, 1140, 1070, 1030,970,850 cm-*. 

Methyl a-methoxyphenylacetate was prepared from cu-chloro- 
phenylacetyl chloride by treatment with excess sodium methoxide 
in methanol at  reflux for 4 h. The crude product was purified by dis- 
tillation, bp 123-124 "C (11 Torr) [lit.46 bp 11%119 "C (8Torr)l; NMR 
spectrum (CC14), multipet a t  T 2.62-2.88 (5 H) ,  singlets at  T 5.37 (1 
HI, 6.44 (3 H), 6.70 (3 H); IR spectrum (CC141, carbonyl a t  1745 
em-'. 

Treatment of Aldehydes and Ketones with Phenyl(triha1o- 
methy1)mercury. General Procedure. Glassware was cleaned in 
aqueous ethanolic NaOH solution, thoroughly rinsed, dried for 2 6 
h at 110 "C, assembled while warm, and purged with argon or nitrogen 
(dried with Drierite and Linde 4A molecular sieves). The entire re- 
action and workup was carried out in a dry, inert atmosphere; liquid 
transfers were made with oven-dried syringes. The apparatus con- 
sisted of a 100-mL four-necked flask (one male joint, capped during 
the initial reaction) equipped with an inert gas inlet, thermometer, 
magnetic stirrer, and a condenser attached to a gas burette, manom- 
eter, and storage balloon. 

After a mixture of phenyl(bromodichloromethy1)mercury (6.61 g, 
15 mmol) in benzene (30 mL) was stirred for a few min, benzaldehyde 
(2.71 g, 25.6 mmol) was added, the manometer was balanced, and 
initial readings of gas volume, room temperature, and atmospheric 
pressure were recorded. The reaction mixture was stirred, heated 
slowly (oil bath) to ca. 80 "C, maintained a t  that temperature until 
gas evolution ceased (3-4 h) ,  and cooled to the starting temperature 
to allow final readings of gas volume to be made; IR of gas, 2120 and 
2170 cm-' (carbon monoxide). It was noted that the yield of CO was 
affected by the heating rate. 

After the condenser had been replaced with a stopper, the contents 
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of the flask were cooled (ice bath) and filtered (inert atmosphere) by 
connecting the male joint to a sintered glass funnel attached to a small, 
dry three-necked flask equipped with two stopcocks to control vac- 
uum and inert gas. The precipitate was washed (3 X 20 mL of cold 
benzene), dried, weighed, and identified as phenylmercuric bromide 
(90-97% based on a starting mercurial), mp (crude product) 274-276 
"C (when mixed with pure authentic phenylmercuric bromide mp 
266-280 "C). This material may contain some phenylmercuric chlo- 
ride. 

The filtrate was kept cold (ice bath) while a cold solution of meth- 
anol (4 mL, 98.8 mmol) and pyridine (4 mL, 49.7 mmol) in benzene 
(30 mL) was added. After being stirred for 3-4 h a t  0 "C, the reaction 
mixture was filtered, concentrated a t  reduced pressure, diluted with 
ca. 40 mL of benzene-cyclohexane ( l : l ) ,  filtered, and concentrated 
a t  reduced pressure. The products were analyzed by VPC and NMR 
with a weighed sample of toluene (ca. 15% of the weight of the residue) 
added as an internal standard. (Nitromethane was added as an in- 
ternal NMR standard for reactions involving mesitaldehyde.) As a 
further aid to the identification of products, a portion of the liquid 
product mixture (after treatment with methanol and pyridine) was 
sometimes subjected to simple distillation and/or column chroma- 
tography on Florisil (dried at  130 "C) with cyclohexane, benzene, and 
benzene-ether mixtures as eluents. 

Variations in the reaction procedures described include changes 
in the ratio of aldehyde to mercurial, in the reaction time and tem- 
perature, in the nature and amount of solvent, and in the details of 
the workup procedure. 

The amount of benzal halides and of acetal ester 13 was determined 
directly from NMR absorptions for the @-hydrogen of the former and 
the acetal hydrogen (from each diastereomer) of the latter. Methyl 
mandelate was determined directly from the tertiary hydrogen. 
Benzaldehyde dimethyl acetal was determined from the OCH3 peak 
by subtracting the contribution to that peak from one OCH3 group 
of acetal ester 13. Corrections for differences in thermal conductivity 
detector sensitivity for the various compounds were made. 

Treat,ment of Benzaldehyde with a-Chlorophenylacetyl 
Chloride, Phenylmercuric  Bromide, and  Benzal Chloride. A 
mixture of n-chlorophenylacetyl chloride (1.7 g, 9 mmol, freshly dis- 
tilled), benzal chloride (0.80 g, 5 mmol), phenylmercuric bromide (6.1 
g, 17 mmol), benzaldehyde (3.7 g, 35 mmol), and benzene (22 mIJ was 
heated a t  77-80 "C for 3.5 h in the same apparatus used for the reac- 
tions of benzaldehyde with phenyl(trihalomethy1)mercury. Total gas 
volume change was 1.0 mL. 

The solution was filtered under argon to give phenylmercuric 
bromide (5.6 g, 9796 recovery; mp 278-280 "C). The filtrate was treated 
with methanol 11.0 g, :31 mmol) and pyridine (1.2 g, 15 mmol) in 
benzene (15 mL) for 4 h. After workup, NMR analysis showed only 
methyl a-chlorophenylacetate, benzaldehyde, and benzal chloride. 
A small singlet a t  T 4.43 was not positively identified but may be at-  
tributed to the tertiary hydrogen of phenyldimethoxymethane. VPC 
analysis (10% OV-1, 5 ft, 105 "C) showed only a trace of cu-bromo- 
cr-chlorotoluene. which also appeared to be present in the starting 
benzal chloride. 

Trea tment  of Benzaldehyde with a-Chlorophenylacetyl 
Chlor ide a n d  Phenylmercuric  Bromide. A mixture of a-chloro- 
phenylacetyl chloride (2.5 g, 13 mmol), benzaldehyde (4.4 g, 42 mmol), 
and phenylmercuric bromide (10.8 g, 30.2 mmol) in benzene (60 mL) 
was heated at  75-80 "C for 3.3 h in the same apparatus used for the 
reactions of benzaldehyde with phenyl(trihalomethy1)mercury. Total 
gas volume change was 1.6 mL. VPC analysis (6 ft glass, OV-1,138 "C) 
showed benzaldehyde, a-chloroacetyl chloride, and a trace of benzal 
chloride. 

Phenylmercuric bromide (10.5 g, %''YO; mp 267-273 "C was recovered 
by filtration, and a portion (17.8%) of the filtrate was added to a so- 
lution of methanol (1.2 g. 37 mmol) and pyridine (2.4 g, 30 mmol) and 
allowed to stand (drying tube with CaS04) for 3.25 h. After being 
worked up in the usual manner, the solution was analyzed by NMR, 
which showed only absorptions for methyl n-chlorophenylacetate and 
benzaldehyde. 

Trea tment  of Benzaldehyde and  Benzal Bromide with 
Phenylmercuric  Bromide, Methanol, a n d  Pyridine. Each of the 
mentioned compounds (10 mL of each liquid and 10 g of each solid) 
was dissolved in benzene (30 mL) in the presence of hydrogen bromide 
gas. The reaction mixture was kept a t  reflux for 3 h. No benzaldehyde 
dimethyl acetal was observed by NMR analysis. 
2,5-Diphenyl-1,3-dioxolan-4-one was prepared from mandelic 

acid and benzaldehyde by the general procedure of Salomaa and 
S a l l i n e ~ ~ ~  Recrystallization of the crude product from carbon tet- 
rachloride resulted in white crystalline material, mp 100.5-101.5 O C  

(lit.48 mp 104-105 "Cj: IR spectrum (CCld), carbonyl singlet a t  1800 

cm-'; NMR spectrum (CC14), multiplet a t  T 2.58 (10 H),  doublet a t  
T 3.53 (1 H ,  J = 1 Hz), doublet at T 4.79 (1 H,  J = 1 Hz). 

Methyl 2,4-Diphenyl-3,5-dioxahexanoate. Dry benzene (13 mL), 
2,5-diphenyl-1,3-dioxolan-4-one (6.9 g, 0.029 mol), methyl dichloro- 
methyl ether (5.0 g, 0.044 mol, freshly distilled under argon), and dry 
mercury(I1) chloride (0.03 g) were heated with an oil bath at  105-115 
"C (argon atmosphere) for 1-2 days or until an NMR spectrum of a 
sample of the crude reaction mixture showed none of the starting 
dioxolanone. The reaction mixture was cooled (ice bath), diluted with 
benzene (10 mL), and filtered through a fritted glass funnel into a cold, 
stirred solution of methanol (4.8 g, 0.15 mol) and pyridine (7.9 g, 0.10 
mol) in dry benzene (20 mL). After 12 h the reaction mixture was 
filtered, and the filtrate was washed with saturated sodium bicar- 
bonate solution and saturated sodium chloride solution. Aqueous 
extracts were washed with benzene, and the combined benzene so- 
lutions were dried (K2CO3) and concentrated a t  reduced pressure (2 
mm) to give 6.52 g of yellow oil, a portion of which (6 g) was further 
purified by molecular distillation Torr; bath, 75 "C) to give an 
initial fraction (1.7 g) containing impurities and the desired product 
(3.47 g, 0.0121 mol, 41.8%) as a mixture of diasterioisomers; NMR 
spectrum (Ccd) ,  multiplet a t  T 2.43-2.85 (10 H, Ph), singlets a t  T 4.32 
and 4.52 (1 H total, CHOMe), 4.87 and 4.89 (1 H total, CHCOzMe), 
6.44 and 6.47 (3 H total, CH30CHPh), 6.83 and 6.85 (3 H total, 
C02CH3); IR spectrum (CC14), 3130, 2850, 1760, 1740, 1540, 1490, 
1460,1440,1355,1270,1250,1205,1190,1170, 1110.1100,1075,1055, 
1023 cm-'. The ratio of isomers based on NMR signals at T 4.32 and 
4.52 was 1.8:1, respectively. 

Anal. Calcd for Cl'iH1804: C, 71.31; H, 6.34. Found: C, 71.44; H, 
6.22. 

A portion of the product (1.23 g, 4 mmol) was hydrolyzed in a 0.6 
N hydrochloric acid solution in 50% aqueous dioxane at  90 "C for 1 
h under argon. The solution was cooled, made basic with 1 N sodium 
hydroxide solution (11 mL), and extracted with methylene chloride. 
The dried (MgS04) concentrated extract was shown by NMR to 
contain only benzaldehyde and dioxane. The acidified aqueous phase 
was extracted with ether, from which mandelic acid (0.62 g, 4 mmol) 
was isolated, mp 118-120 "C (from benzene). The identity was con- 
firmed by IR and mixture melting point comparisons with an au- 
thentic sample. 

The title compound was also isolated by molecular distillation (10-5 
Torr) of the high-boiling product from a reaction of phenyl(bromo- 
dichloromethy1)mercury with benzaldehyde, carried out as described 
previously. 

Anal. Calcd for C17H1804: C, 71.31: H,  6.34. Found: C, 71.62; H, 
6.27. 

Methyl 2,4-bis( m-trifluoromethylphenyl)-3,5-dioxahexanoate 
was isolated by preparative VPC of the reaction mixture from the 
treatment of rn-trifluoromethylbenzaldehyde with phenyl(bromo- 
dichloromethy1)mercury in benzene. The product (a mixture of dia- 
stereomers) was purified by molecular distillation ( lo+ Torr); NMR 
spectrum (CC14), multiplet a t  T 2.2-2.7 (8 H) .  singlets a t  T 4.20 and 
4.37 (1 H total), 4.78 and 4.82 (1 H total), 6.28 and 6.39 (3 H total), 6.67 
and 6.73 (3 H total); IR spectrum (cc14), 2980,2860, 1745 d,  1445 d ,  
1330,1175,1135, 1075,918,701 cm-'. The ratio of isomers based on 
NMR signals a t  T 4.20 and 4.37 was 1.2:1, respectively. 

Anal. Calcd for C19H1604F6: C, 54.03; H, 3.82. Found: C. 53.97; H,  
3.88. 

Complexation of Phenyl(bromodich1oromethyl)mercury with 
Benzophenone and  Benzaldehyde. Measurements were obtained 
on a Perkin-Elmer Model 421 grating spectrophotometer with CaF2 
matched cells. Benzophenone was recrystallized (cyclohexane) and 
dried in a desiccator (CaS04), mp 48-49 "C ( l i ~ ~ 9  mp 48.1 "C). 
Benzaldehyde was freshly distilled under argon. The mercurial was 
recrystallized (31, hexane-chloroform) at  25 "C, mp 110-111 "C ( l i t s o  
mp 110-111 "C). 

A benzene solution of the mercurial (0.251 M) and benzophenone 
(0.225 M) balanced against 0.200 M benzophenone (in benzene) in 
the reference call exhibited a carbonyl absorption at  1647.5 cm-I, 
distinctly different from the absorption at  1663.5 cm-I for a dilute 
benzene solution of benzophenone (vs. benzene). Similarly a benzene 
solution of the mercurial,(0.350 M)and benzaldehyde (0.280 M)  bal- 
anced against 0.240 M benzaldehyde (in benzene) exhibited a carbonyl 
absorption at  1696 cm-l, compared to the normal carbonyl absorption 
of benzaldehyde a t  1708 cm-'. 

A series of benzene solutions of benzophenone and benzaldehyde 
of known concentrations was used to establish a calibration curve 
which would allow the determination of the amount of free carbonyl 
in solutions containing both free and complexed carbonyl a t  ca. 25 
"C. Measurements on benzaldehyde were carried out under argon with 
deoxygenated benzene and were completed in a few minutes, during 
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which t ime no  detectable decomposition of the mercurial occurred. 
Results are summarized in Table I. 

Re la t i ve  Reactivi t ies. Approximate relative rates of reaction o f  
mercurial 12 wi th  aldehydes and olefins were determined a t  50 O C  (48 
h)  in benzene w i th  equimolar mixtures o f  l l a ,  12, and cyclohexene; 
1 la, 12, cyclohexene, and 2,3-dimethyl-2-butene; l l a ,  12, cyclohexene, 
and 1-hexene; llb, 12, and cyc1ohexene;Nand llc, 12, and cyclohexene. 
Product mixtures were then treated w i th  excess methanol and pyr i -  
dine at  0 "C for 4 h, followed by addit ion o f  an internal toluene stan- 
dard and analysis by NMR and VPC. Relative rates were calculated 
from a quantitative comparison of the dichlorocyclopropane products 
from the olefins with the combined yield of CO plus all ester and acetal 
products from the aldehydes. 
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