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Brief Communications 

On the mechanism of titanium-catalyzed cyclopropanation of esters with 
aliphatic organomagnesium compounds. Deuterium distribution in the 
reaction products of (CD3)xCHMgBr with ethyl 3-chloropropionate 

in the presence of titanium tetraisopropoxide 
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The reaction of ICD3)_~CHMgBr with ethyt 3-chtoropropionate in the presence of 
catalytic amounts of Ti(OPr') 4 results in ( E)- I -~,2-chloroethyl)- 3,3-dideuterio-2-trideuterio- 
methylcyclopropanol and (CD3)2CDH, identified by mass spectrometry. The reaction mecha- 
nism is discussed. 
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The addition of monoalkylated titanium derivatives 
to carbonyl compounds it characterized by high chemo- 
and stereosclectivity, l Organotitanium compounds con- 
taining two and more alkyl residues are usually unstable 
and could not find use in organic synthesis ('or a long 
t ime. Tebbe and co-authors  have first reported z the use 
of the Me2AICI-CH2TiCp2 complex, the product of 
interaction of 2 equivs, of M%AI with Cp2TiCI 2. as a 
reactant for homologization of alkenes and methylenation 
of ketones. As applied to esters, this reaction was de- 
scribed by Pine and co -au tho r s )  Later. simplified pro- 
cedures have been used 4,5 for the preparation o f  tita- 
nium-methylene complexes,  including thermolysis of 
easily accessibledimethyl t i tan0cenel  5 It is assumed that 
these complexes are formed from the corresponding 
dimethylt i tanium derivatives by <~-elimination of the H 
atom from one of  the Me groups, and the elimination of 
the CH 4 molecule occurs as the intramotecular process 
by a concerted mechanism or through the formation of 
the corresponding t i tanium hydride. 6 

A novel and experimentally ve U simple version of 
tksing dialkyltitanium derivatives as 1,2-dicarbanionic or- 

ganometallic equivalents has recemly been found. 7,s In 
the simplest variant, the reaction of ester with 2 equivs. 
of EtMgBr is carried out ill the presence of  catalytic 
amounts of  (PPO)aTi  to yield l - s u b s t i t u t e d  
cyclopropanols. 7 We have postulated 8 that 13-elimination 
of tile H atom (e l  Refs. I and 9) from one of the ethyl 
radicals of the intermediate dialkyltitanium derivative 
occurs under the reaction conditions to afford ethane and 
diisopropoxytitmlacyclopropane, which further functions 
as a 1,2-dicarbanionic organometallic reagent. Although 
the mechanism of  decomposition of alkyl derivatives of  
transition metals by {3-elimination of the H atom with the 
intermediate formation of metal hydrides has been com-  
monly accepted~t,% t~ the possibili ty of  format ion o f  
titanacyclopropane intermediates in consecutive reac- 
tions of ct-elimination of the H atom from the alky| 
radical followed by the rearrangement of  the t i t an ium-  
alkylidene complex cannot be a priori ruled o u t .  !1 

In this work, we studied the reaction of CI(CH2)2COzEt 
(1) with (CD3)2CHMgBr (2) in the presence of  (P#O)aTi 
and obtained data that agree with the mechanism of  13- 
elimination during the formation of ti tanacyclopropane 
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reagents. C o m p o u n d  1 was chosen as the starting substmte 
due to the possibility of unambiguous identification of the 
reaction product by I H N MR spectroscopy. 

Provided the mechanism of !3-elimination in the for- 
mation of  t i tanacyclopropane 3 is valid, pentadeuterated 
cyclopropanol  4 should be formed as the final product. 
In this case, t i tanacyclopropane 3 can be generated 
directly from dialkyltitanium derivative 5 or  intermediate 
ti tanium hydride 6 (Scheme 1). At the same t ime,  s~tepwise 
mechanism o f  a -e l iminat ion  followed by carbene-olefin 
i somer iza t ion  o f  t i t an ium-carbene  c o m p l e x  7 suggests 
the fo rma t ion  o f  he•  cyc lop ropano l  8 by 
the alkylation of  ester I with comple te ly  deuterated 
t i tanacyclopropane 9 (Scheme 2). 
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The  IN N M R  spectral data of  the ob ta ined  cyclo- 
propanol  der ivat ive  make it possible to es tabl ish unam-  
biguously that  the compound  that fo rmed  is ( E I - I - ( 2 -  
chloroethyl)-_~,_ -dJdeu te rm-  2 - t r~deu te r tome thy lcyc lo -  
propanol  (4). The  cis-arrangement o f  the  alkyl sub- 
s t i tuents  in the ring was suggested from the  analysis of  
the IH N M R  spectrum of  nondeu te r a t ed  ( / : ) -1 - (2-  
c h l o r o e t h y l ) - 2 - m e t h y l c y c t o p r o p a n o t  (10) obta ined  tra- 
der  the same  condi t ions  by the react ion o f  es ter  I with 
pr iMgBr.  The  spectrum of  c o m p o u n d  10 exhibits an 
insignificant difference in chemica l  shit ,  s o f  the methine 
protons  and one  of  the protons o f  the m e t h y l e n e  group 
df  the t h r e e - m e m b e r e d  cycle,  which is charac te r i s t ic  of  
1 ,2-disubst i tuted cyclopropanols ,  lz As c o m p a r e d  to the 
nondet t te ra ted  analog, the 13C N M R  s p e c t r u m  of  c o m -  
pound 4 recorded  under the condi t ions  o f  broad-band 
spin-spin  decoupl ing  with protons  c o n t a i n s  no signals 
at S 14.2 and 20.5. which conf i rms  t h e  presence  o f  
deu t e r ium a toms in the Me group and in the  methy-  
lene unit  o f  the cycle, 13 while  the s ignal  at 6 18.8 
conf i rms  the absence of  deu te r ium at t he  C(2)  atom of  
the cycle.  

Scheme 2 
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Comparison of the relative intensities of the peaks with 
m/z 33 ((CD3)2CDH - CD3) and 32 ( (CD;) ,CH 2 - CD3) 
in the m&% spectrum of the g ~ e o u s  product obtained in the 
reaction under study with those in the spectrum of the 
reaction product of  Grignard reagent 2 with the corre- 
sponding amount of  (Pr'O)4Ti in the absence of ester 1 
shows that, in the first case, the side product, (CD3)2CH 2, 
is fom~ed in much greater amount .  In our opinion, this t~act 
can be due to Ihe partial deprotonation of the s-tarring ester 
I by an organomagnesium reagent or the occurrence o f  
other side processes. 

Experimental 

tH and L~C NMR spectra were recorded on a Bruker AC- 
200 instrument with a working frequency of 200.13 and 50.32 
MHz. respectively. Mass spectra of gaseous products were 
obtained on a Hewtett Packard GC MS 5890/5972 instrument 
with an electron impact energy of 70 eV. 2-Bromo-l.l ,[,3.3.3- 
hexadeuteriopropane was prepared by the previously published 
procedure. 14 

(E)- 1- (2-Chloroelhyl)-3,3-dideuterio-2- trideuteriomethyl- 
eyclopropanol (4). A soltition of the Grignard reagent (obtained 
from 2-bromo- l, l, 1,3,3,3-hcxadeuteriopropane ( l mL. 10 mmol) 
and Mg chips (0.5 g, 21 rag-at.) in ether (6 mL) was added over 
30 rain to a solution of ethyl 3-chloropropionate (I) and (PriO)4Ti 
(0.15 ml., 0.5 rnmol) in anhydrous Et20 (3 mL) with Ix~iling of 
the reaction mixture. Gaseous products that evolved in the 
reaction were collected over a saturated solution of NaCI and 
analyzed by mass spectrometry. The reaction mixture was poured 
in 20 mL of t0% H?SO 4 cooled to 0 ~ the oNanic layer was 
separated, and the aqueous layer was extracted with ether (10 
mL). The combined ethereal extracts were successively washed 
with saturated solutions of NaHCO3 and NaCI and dried with 
Na2SO 4. The solvent was removed in vacuo, and the residue was 
chromatograplmd on silica gel (hexane--ethyl acetate, 3 : 1). The 
yield of cyclopropanol 4 was 0.29 g (46%). I H NMR (CDCI3), S: 
1.04 (s, 1 H): 1.92.-2.16 (m, 3 H): 3.77 (t, 2 H, J = 7.2 Hz). 
|3C NMR (CDCI3), &: 18.8. 36.0. 41.8, 58.2. 
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Mass spectrum of the gascous reaction product, m/z (ire 1 
(%~): 5t (CD~CDHCD:  [,.x,.I-]) (9.TI, 50 (CD3CHzCD s [M*] 
and CD~CDHCD,  - Hi "~9 7) • ( . . . .  49 (31.7), 48 (4,9), 47 (t 5). 46 
(16.1), 45 (21.5), 44 (5), 43 (4.1). 42 (25.2), 41 (12.8), 40 (8 5L 
39 (2.4), 38 (5.5), 34 (10.8), 33 tCD3CDHCD 3 -  CD 0 (85,3), 
32 (CD;CH2CD 3 - CDz) (I00), 31 (62.7). 30 (74.%, 29 
(48.1). 28 (23.1), 27 (9.8), 26 (2.5). 

Mass spectrum of the gaseous reaction p r o d u c t  in the 
absence of ester 1. m/~ (1.,. I (%)): 51 (CD3CDHCD ~ [M*]/ 
(10.8), 50 (CD;CH2CD 3 [M~-I and CD3CDHCD 3 - H) (28.5). 
49 (25.4), 48 (7.1), 47 (17.6), 46 (20.9), 45 (25.2), 44 (6.8), 43 
(5.4), 42 (33.2), 41 (16.2), 40 (11.6). 39 (3.1), 38 (7.6), 34 
(14 i). 33 (CD3CDHCD 3 - CD;) (100). 32 (CD3CHzCD3 - 
CD:) (85.9), 31 (679),  30 (75.7). 29 (53.3). 28 (31.4), 27 
(12.3), 26 (3.6). 

( E)-l-(2-Chloroeihyl)-2-methyleyelopropanol was obtained 
by a similar procedure in 5t% yield from ester I (0.61 mL, 4.5 
retool), (PriO)4Ti (.0.15 mL, 0.5 retool), and Grignard reagent 
obtained flom 2-bromopropane (I mL. 10 retool) and Mg (0.5 
g, 21 rag-at.) in Et~O (6 mL). IH NMR (CDCI3). 8 : 0 1 2  (t. l 
H. J = 5,5 Hz); 0.~-3--0.q8 (m. 2 H): 1.02 (s, 3 H); 1.92--2.18 
(m, 2 H); 2.28 ~,br.s, I H): 3.77 It, 2 H, J = 7.2 ltz).  13C NMR 
(CDCIo,  8: 142, IcL-t, 20,5. 367,  42.0. 57.2. 

This  work was f inancial ly suppor ted  by the  In t e rna -  
t ional  Sc i ence  F o u n d a t i o n  ( I N T A S ,  G r a n t  96-1325) .  
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Formation of formic and acetic acids by low-temperature condensation of 
a mixture of methane and water vapor dissociated in MW discharge 
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Formic and acetic acids are formed by the low-temperature (77 K) condensation of a 
mixture of methane and water vapor dissociated by MW discharge at a low pressure. The 
effect of experimental conditions on the yield o f  HCOOH and AcOH was studied under 
different experimental conditions. The yields of H ' ,  OH ", and 02 from MW discharge in the 
CH4+H20 mi-xture were-determined-by ESR in l.he gas-phase under t h e  experimental  
conditions used to synthesize HCOOH and AcOH. The kinetics of the gas phase reactions in 
the connecting channel was simulated. The mechanism of formation of HCOOH and AcOH 
through the interaction of active species from the gas phase on the condensate surface was 
suggested. 

Key words: electric discharge in gases, low-temperature condensation, formic acid, acetic 
acid. methane, water. ESR m gas phase, hydrogen atoms, oxygen atoms, hydroxyl radicals. 

L o w - t e m p e r a t u r e  c o n d e n s a t i o n  ( L T C )  o f  gas mix-  
tures d i ssoc ia ted  by electric d i s c h a ~ e s  is a un ique  m e t h o d  

lbr  synthesis  of  inaccessible  c o m p o u n d s ,  tbr  example ,  
h ighe r  hydrogen polyoxides  H 2 0  3 and  H 2 0  ~ (Ref.  I).  
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