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The Cp2ZrCI2-catalyzed reaction of arylolefins (styrene, o- and p-methylstyrenes, 
trans-stilbene, 1,4-diphenyl-l.3-butadiene) with AIEt 3 resulting in mono- and disubstituted 
alumacyclopentanes and substituted alumacyclopropanes was studied. The yield and ratio of 
cyclic organoaluminum compounds depend on the structure of the initial arylolefins and 
conditions of cycloalumination. 

Key words: organoaluminum compounds, alumacyclopentanes, zirconium complexes, 
a rylolefins. 

Catalytic cycloalumination of aliphatic ct-olefins with 
triaikyl- or atkylhaloalanes in the presence of Zr com- 
plexes affords 3- and trans-3,4-substituted alumacyclo- 
pentanes in virtually quantitative yields. 2,3 

In a continuation of studies of the reaction of olefin 
cycloalumination discovered by us z and to extend this 
method to other unsaturated compounds, in particular, 
aryIo[efins, and reveal tile effect of aryl substituents on 
the direction of the reaction, we investigated cyclometal- 
lation of styrene, o- and p-methylstyrenes, trans-stil- 

b e n e ,  and 1,4-diphenyl-l ,3-butadiene ~,'iIh AIEt 3 using 
Cp2ZrCI 2 as the catalyst. 

Results and Discussion 

The reaction of styrene with AIEt 3 (I : 1.2) in the 
presence of 5 tool.% CP2ZrCI 2 affords I-ethyl-2-phenyl- 

* For Part 19, see Ref. I. 

( la) ,  I -ethyl-3-pheny[- (2a), I -ethyl-2,4-diphenyl- (3a), 
l-ethyt-2,5-diphenylalumacyclopentanes (4a) and l-eth- 
yl-2-phcnylalnmacyclopropane (5a) in a ratio of ~50 : 
25 : 15 : 3 : 7 in an overall yield >90% (according to 
G LC data of the hydrolysis products of compounds l a - -  
5a) (Scheme I). The structure of hydrolysis products 
(6--15) was established from the data of t3C and 
IH NMR spectroscopy. Thus, cycloalumination of sty- 
rene proceeds less selectively than that of aliphatic 
c~-olefins and results in a mixture of cyclic organoalumi- 
hum compounds (OAC). 

Probably, intermediate Zr ~-complexes ( I ra ,b )  4,5 are 
formed under the reaction condit ions (Scheme 2), and 
they are responsible for the formation of the correspond- 
ing regioisomeric atumacyclopentanes. Attempts to de- 
termine the configuration of phenyl st, bstituents in five- 
membered OAC"*ere unsuccessful because of broaden- 
ing of the signals of C(2) and C(5) atoms in the 
13C NMR spectra of compounds 3a and 4a. 
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Based on the results obtained, we assumed that zir- 
conacyclopropane intermediates (17) 6-g  are initially 
formed, which are then transmetallated into alumaey- 
clopropanes 5. The insertion of  the initial styrene mole- 
cule at the active Zr - -C bond of the zirconacyclopro- 
pane intermediates results in mono- or disubstituted 
ztrconacyclopentanes,  and their transmetallation affords 
cyclic OAC 1--4 (Scheme 3). 

It cannot be ruled out that cyclic OAC I - -5  are 
formed along with the formation of  intermediate Zr- 
and AI-containing bimetall ic complexes 9 - l z  generated 
under the reaction condit ions from zirconacycloalkanes 
and aluminum halides (Scheme4) .  In l:avor of this 
assumption are the syntheses of substituted alumacy- 
clopentanes 3,t3 and alumacyclopropanes 14 from RAICI~ 
and ct-olefins in the presence of  halide ion acceptors 
(Mg, Ca, and Na) and catalytic amounts  of CP2ZrC12, 
ZrCI4, or CP2TiCI 2. 

Cycloalumination of  o- and p-methylstyrenes also 
results m a mixture of substituted cyclic OAC I - -5  in 
75--85% yields and with approximately the same ratios 
as for styrene. 

trans-Stilbene is virtually inactive in the reaction 
with AIEt 3. Under the conditions found, 1,4-diphenyl- 
1,3-butadiene reacts with AIEt 3 in tile presence o f  
Cp2ZrCI 2 to give trisubstituted alumacyclopropane (20) 
in ~15% yield (Scheme 5). However, when Cp?ZrC12 is 
replaced by Cp2TiC12, AIIEt 3 is replaced by EtAICI 2, and 
Mg is introduced as the acceptor of  C l - ,  compound 20 is 
tbnned 14 from 1,4-diphenylbuta- 1.3-diene in ~80% yield. 

The results obtained suggest that, unlike atiphatic 
ct-olefins, which react with AIEt 3 in a CP2ZrCI2-cata- 
lyzed reaction to form .~-alkylalumacyclopentanes- with 
high regioselectivity, I-ar3'lolefins give under these con- 
ditions a mixture of substituted three- and five-mem- 
bered OAC. 
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Experimental 

Cycloalumination of ats, lolefins was carried out in an atmo- 
sphere of dry argon, Hydrolysis products were analyzed on a 
Chrom-41 chromatograph with He as the carrier gas using a 
1200:<3 mm column with 5% SE-30 or 15% PEG-6000 on 
Chromaton N-AW and a katharometer as the detector. IR 
spectra were recorded on a UR-20 spectrometer (thin film), 
and El mass spectra were obtained on an MKh-1306 spectrom- 
eter (70 eV) at 130 ~ IH NMR spectra were recorded in 
CDCI 3 on a Tesla BS-567 spectrometer (100 MHz) using 
Me4Si as the internal standard, and 13C NMR spectra were 
obtained in CDCI~ on a Jeol FX-90Q spectrometer  
(22.5 MHz) with broad-band and off-resonance proton decou- 
piing. )3C NMR spectra of cyclic OAC were obtained on Jeol 
FX-90Q (22.5 MHz) and Bruker AM-300 175.46 MHz) spec- 
trometers in regimes with full and partial proton decoupling. 
Dilute solutions in diethyl ether were used with addition of 
C6D 6 for internal field stabilization. Solutions were placed in 
sealed tubes and then in an atmosphere of dry argon. M%Si 
was used as the internal standard. Yields of cyclic OAC were 
determined by GLC analysis of hydrolysis products. 

Cycloalumination of arylolefins with ,MEt 3 in the presence of 
Cp2ZrCI 2 (general procedure), CP2ZrCI 2 (0.5 retool), arylolefin 
(lO retool), and AIEt~ (I2 mmot) were placed in a g)ass reactor 
in an atmosphere of dry. argon at 0 ~ The solution was warmed 
to 22--23 ~ and stirred for 12 h. The reaction mixture was 
treated with 5% HCI or 20% DCI in D~O, and the products were 
extracted with ether and isolated by distillation. The numeration 
of atoms of the cyclic OAC obtained and their hydrolysis 
products is presented in Fig. I. The 13C NMR spectra and 
pbysicochemical constants are presented in Table 1. 

Butylbenzene (6a), b.p. 58--59 ~ (6 Tort), n2J o 1.4893 
IR. v /cm-) :  695, 730, 1450, 1490, 1600, 2910, 2945, 3010, 
3045. )H NMR, 8:0.95 (t, 3 H, CI-t 3, J --- 7.5 Hz); 1.23-1.75 
(m, 4 H, CH2); 2.60 (t, 2 H, C H2Ph. J = 7.5 Hz); 6.8--7.32 
(m, 5 It, C H a r o m . ) .  MS, re~z: 134 [M] +. Found (%): 
C. 89.47; H, 10.40. Cm0H)4. Calculated (,-.%): C. 89.55; H, 10.45. 

p-Butyltoluene (6b), b.p. 65 ~ (4 Torr), n22t) 1.4908. IR, 
v/cm-~: 690, 710, 765. 1375, 1465, 1500, 1610, I800. 1870. 
1940, 3030, 3070. ~H NMR, 8:0,86 (t, 3 tl, Me, J = 7,4 Hz): 
1.20--1.80 (m. 4 H, CIt2); 2.26 (s, 3 H, C_H3Ph); 2.55 (t, 2 H, 
CH_2Ph, J = 7. I Hz); 6.8--7.32 (m. 4 H. CH arom.). MS, re~z: 
t48 [M] +. Found (%): C, 89.11; H, 10.76. CIIHI6. Calculaled 
(%): C, 89.19; H, 10.81, 

o-Butyltoluene (6e), b.p. 62--63 ~C (4 Tort), n22 D 1.4950. 
IR, v/era-I: 720, 900, I010, 1450, 2850, 2940, 3000. 3350. 
IH NMR. 8:0.87 (t, 3 H, Me, J = 7.4 Hz); 1.18--1.70 
(m, 4 H, CH2); 2.23 (s, 3 H, CH3--Ph); 2.28--2.40 (m, 2 H, 
CH2Ph); 7.02--7.30 (m, 4 H, CH 2 atom.). MS, re~z: 148 [M ] *  
Found (%): C, 89.21; H, 10.73. C~IHI~. Calculated 1%): 
C, 89.19; H, 10.81. 

sec-Butylbenzene (7a). b.p. 49---50 ~ (6 "t'orr.), n22 D 14894. 
IR, v /e ra - l :  695, 730, [450, 1490, 1600, 2910, 2945, 3010, 
3045. IH NMR, 6 :0 .85  (m, 3 H. Me); 1.43--1.65 (m, 2 H, 
CH2); 1.27 (d, 3 H, Me, J =  7.3 Hz); 2.52--2.71 (m, H, CI-I): 
7.21 (m 5 H, CHarom.) .  MS, m/z: 134 [M]+. Found 1%): 
C. 89.59; H, 10.39. CIOHI4. Calculated (%): C, 89.55; H, 10.45. 

p-sec-Butyltoluene (7b), b.p. 58--59 ~ (4 Torr). 
nZ2r) 1.4930 IR, v /cm-I :  700, 1470, t530. 1600. 1820, 1872. 
1945, 3032, 3068_ IH NMR, 6:0.95 it, 3 H, Me, J = 7.1 He_): 
1,21 (d, 3 tt, Me, J =  7.1 Hz); 1 .43--165(m.  2 H, CH2), 225 
(s, 3 H, CH_3Ph); 6.81--7.32 (m, 4 H, CHarom.L MS, re~z: 
148 [MI +. Found (%): C. 89.13; H, 10.87. CI;HI~ Calcula- 
ted [%1: C, 89.19; tt, 10.81. 

o-sec-Butyltoluene (7c), b.p. 54--55 ~ (4 Torr). IR, 
v/cm-q: 720, 900, 1010, 1300. 1450, 1490, 1600, 2850. 2940, 
3000. )H NMR, 8:0.87--0.95 (m, 3 H, Me), 1.22 (d, 3 H, Me. 
J = 7.1 Hz); 1.48--1.65 (m, 2 H, CH2); 2.23 (s, 3 H, CH_aPh); 
2.33--2.43 (m, I H. CFIPh); 7.02--7.32 (m, 4 H, CHarom.L 
MS, re~Z: 148 [M] ~. Found (%): C, 89.22; H, 10.76. Ci0Hf4 
Calculated (%): C, 89.19; H, I!).81. 

1,3-Diphenvlhutane (8a), b.p. 125--126 ~ (2 Torr). 
rt22 D 1.5516, IR, v/cm-l: 720, 800, 850. 1220. 1250, 1370. 
1510, 1620, 3050, 3080. 3H NMR, 6: 1.1g (d, 3 H, Me, , I=  
7.0 Hz); 1.77--1.88 (m. 2 H, CH2); 2.35--2 67 (m, 3 H, 
CH--CH__3); 7.02-7.43 (m, 10 H, CHarom}.  MS, re~z: 210 
[M] +. Found (%): C, 91.35; H, 8.54. C16HI~. Calculated (%): 
C, 91.43; H, 8.57. 

1,3-Di(p-tolyl)butane (8b), b.p. 162 ~ (2 Torr). IR, 
v/cm-I: 700, 980, 1450, 1500, 1600, 1890, 2160, 2905, 2940. 
LH NMR, 8:1.19 Id, 3 H, Me, J =  7.2 Hz): 1,76--1.90 (m, 
2 H, CH2); 2.24 (s, 6 H. CH3Ph); 2.34--2.68 (m, 3 H, 
CH--CH2);  6.83--7.41 (m, 8 H, CHarom. ) .  MS, m,/z: 
238 [M] +. Found (%): C, 90.62: H, 9.19. CI,sH2:. Calcula- 
ted (%): C, 90.76; H, 9.24. 

1,3-Di(o-tolyl)butane (8c), b.p. 169--170 :'C (2 Torrl. IR, 
v/era-I:  720, 800, 1500. 1600, 2850, 2940, 3000. IH NMR, 
8:1.21 (d, 3 H, Me, J = 6.8 Hz); 1.76--1.93 (m, 2 H, CH2): 
2.23 (s, 6 H, CHsPh); 2.33--2.66 (m, 3 H, CH--CH2): 6 . 9 6 -  
734  (m, 8 H, CHarom.).  Found (%): C. 90.7t; H, 920.  
CI~H22. Calculated (%): C, 90.76; H. 9.24. 

1,4-Diphenylhutane (9a). b.p. 144--145 ~ ( 2 Torr). IR, 
v /cm-I :  720, 1620, 3050, 3080. IH NMR, 8:1.68--1.96 (m, 
4 H, CH2); 2.35--2.54 (m, 4 H, CH2Ph); 6.83--7.41 (m. 10 H, 
CHarom.) .  Found (%): C, 91.32; H, 8.51. C~6HIs Calcula- 
ted (%): C, 91.43; H, 8.57. 

Ethytbenzene (10a), b.p 136--137 ~ n22 D 1.4951. IR. 
v/era-I:  090, 730, 1020. 1450, 1490, 1595, 2850, 2950, 3010, 
3020. iH NMR. 8:1.19 (t, 3 H, Me, J =  7.0 Hz); 2.50 (q, 2 H. 
CH 2, J = 7.6 Hz); 7.05--7.20 (m, 5 H, CH arom.). MS, re~z: 
106 [M] +. Found (%): C, 90.48; H, 9.39. CsHt0. Calcula- 
ted (%): C, 90.57; H, 9.43. 

p-Elhyltoluene (10h), b.p. 62--63 ~ (20 TorrL n22 D 1.4942. 
IR, v /cm-t :  710, 800, 1010, 1050, 1350, 1450, 1500, 1600, 
2420, 2860, 2940, 3300 IH NMR, 8:1.18 (t, 3 H. Me, J = 
7.6 Hz); 2.24 (s, 3 H, C HaPh); 2.48 (q, 2 H, CH 2. J = 
7.6 Hz). MS, re~c: 120 IMI*. Found (%): C, 89.91: H, 9.96. 
CoHI2. Calculated 1%1: C, 90.00; H, 10.00. 

(l,4-Dideuterobutyl)benzene (! la),  b.p. 50--51 ~ (4 Tort), 
n2~ 1.4879. IR, v/era-I: 690, 750, 1430, 1500, 1600, 2160 
(vCD). 2920, 2950, 3010. 3045, )H NMR, 6:0 .90 (t, 2 H, 
CH2D, J = 7.1 Hz): L25--1 75 (m, 4 H, CH2); 2.60 (t, H, 
CHD, d = 7.2 Hz); 7.00--7.46 (m, 5 H, CH atom.). MS, re~z: 
136 [M] +. Found (%): C. 88.17; H, 11.68. C)0HpD 2. Calcu- 
lated (%): C, 88.24; H, 882; D, 2.94. 

p - ( l ,4 -Dideute robuly l ) lo luene  ( l i b ) ,  b.p, 70--71 ~ 
t5 Torr), n:lD 1.4912. IR. v/cm-J:  700, 760, 1375, 1465, 1500, 
1800, 1870, 1_940, 2170 r 3030, 3070. JH NMR, 8:0.85 
(t, 2 H, CH2D, J = 7.4 Hz )  1.22--1.70 (m, 4 H, CH2): 2.55 
(t, t H, CHD, J =  72 Hz); 7.02--7,05 (m. 4 H, C H a r o m ) .  
MS, re~z: 150 [M] ' .  Found (%): C. 79.92; H, 11.95. Cj~Ht4D 2. 
Calculated (%): C, 88.00: H, 9.33; D, 2.67. 

(I,4-Dideutern-sec-butyl)benzene (12a), b.p, 53--54 ~ 
(8 Torr), n22 D 1.48,95. IR. v/cm-~: 680, 730, 1450, 1500, 1000, 
2910, 2160 (vCD). 2950, 3020. 3050. IH NMR, 6:0 .80--[ .03 
(t, 2 H, CHAD, J = 7.3 Hz); 1.27 (d, 2 H, CH2D, J = 7.3 Hz); 
1.46--[.75 (m, 2 H, CH2): 2.52--2.71 (m. I H, C~!.Ph): 6.80-- 
7.30 (m, 5 H, C l t a r o m ) .  MS, m/~ 136 [M] +. Found (%): 
C, 88.12; H, 11.71. CIoHIzD,  Calculated (%): C, 88.24; 
H, 8.82: D, 2.94. 
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Table  l .  13C N M R spectra of cyclic OAC and hydrolysis products 

Corn- 8 (Jc,D/Hz),, 
pound C-I C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-IO C-11 (2-12 C-13 C-14 C-15 C-16 
| a  

Ib 

2a  

2b 

3a  

3b 

9.06 0.48 10.28 31.50 32.99 25.57 147.96 128.65 126.63 125.53 
q br.t br.t t t br.d s d d d 

9.06 0.68 10.55 28.83 32.08 27.47 144.71 129.17 129.17 137,30 21.09 
q br.t br.t t t br.d s d d s q 

9.06 0.48 8.54 35.59 46.13 17.84 149.72 128.65 128.65 125.92 
q br.t br.t t d br.t s d d d 

906 0.68 7.95 35.72 45,80 17.90 146.66 126.50 129.17 137.30 21.09 
q br.t br.t t d br.t s d d s q 

8.93 0.74 13.48 44.05 42.75 27.98 140,69 128,52 128.52 126.37 143.28 127.61 127.61 126.37 
q br.t br.t d t br.d s d d d s d d d 

912 1.00 13.74 48.47 42.29 28,70 140.29 128.52 128.52 137.10 20.96 147.10 126.37 128.52 137.69 20.96 
q br.t br, t d t br.d s d d s q s d d s q 

6a 142.65 128.34 128.21 125.55 35.81 3366 22.34 13.96 
s d d d t t t q 

fib 14473 130.95 t28.34 13498 21.04 34.96 33.79 22.34 14.06 
s d d s q t t t q 

6c 141.09 135.43 128.86 125.48 127.08 128.86 19.29 32.02 33.14 2286 14.09 
s s d d d d q t t t q 

7a 147.46 126.98 128.34 125.72 41.72 31,19 12.20 21.89 
s d d d d t q q 

7b 149.93 126.98 128.99 134.98 21.04 41.27 31.19 12.36 2104 
s d d s q d t q q 

7c 145.84 134,98 130.16 125.29 126.78 126.13 19.74 36.26 30.64 12.33 2].24 
s s d d d d q d t q q 

ga 33.99 39.97 39.44 22.54 147.44 128.40 128.40 126.00 142.52 128.41 127.11 125.68 
t t d q s d d d s d d d 

8b 33.53 40.16 38.99 22.54 t40.21 128.21 128.93 135.04 20.91 139.40 130.81 127.82 134.72 20.91 
t t d q s d d s q s d d s q 

8c* 31.32 40.29 34.3[ 22.73 145.19 135.24 130_03 125,16 126.20 126.91 21.69 140.57 135.63 128.67 126.20 125.16 
t t d q s s d d d d q s s d d d 

9a 35.71 31.00 31.00 35.71 142.42 128.14 127.04 125.63 
t t t t s d d d 

iOa 144.33 127.90 128,37 127.90 28.93 15.65 
s d d d t q 

lob 141.22 124.89 129.06 13504 21.04 28.46 15.78 
s d d s q t q 

l l a  142.65 128.34 128.21 125.55 35.42 33.66 22.34 13.63 
s d d d d ! t t 

(191)  (19.1) 
l ib  144.73 130.95 128.34 134.98 21.04 34.90 35.79 22.34 13.76 

s d d s q d t t t 
(19,1) (19.1) 

12a 147.46 126.98 128.34 126.72 41.72 31.19 11.94 21.56 
s d d d d t t t 

(19.1) (19.1) 
12b I49.93 126.98 128.99 134,98 21.04 41.27 31.19 12.07 20.85 

s d d s q d t t t 
(20.0) (20.0) 

13a 33.66 39.97 39.44 22.21 147.44 128.41 t28.41 1260r 128.41 127.11 125.68 
d t d t s d d d s d d d 

(19.1) (19.1) 
13b 33.20 40.16 38_99 22.28 144,21 128.21 128.93 135.04 20.91 [39.40 13081 127.82 134.72 20.9t 

d t d t s d d s q s d d s q 
(19.1) (19.1) 

14a 35.43 31.00 31.00 35.43 142.42 128.14 127,04 125.63 
d t t d s d d d 

(19.17 (19.17 
15a 144.33 127.90 128.37 t27.90 28.57 15.35 

s d d d d t 
(19.2) (19.2) 

15b 141.22 124.89 129.06 135.04 21.04 28.13 15.52 
s d d s q d t 

(19.1) {19.1) 

"Tile following signals are also present. 6:128.67 (d, C-17); 19.16 (q. C-18). 
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p-(l,4-Dideutero-sec-butyl)toluene (12b), b.p. 64--65 ~ 
(6 Torr), n2~ D 1.4938. IR, v/era-I :  700, 1470, 1550, 1600, 
1880. 1950, 2160 (vCD), 3032, 3068. tH NMR, ,5:0.88 (t, 
2 H, CH2D, J = 7.3 Hz); 1.26 (s, 3 H, CH3Ph), 1.28 (d, 2 H, 
CH2D, J =  7.2 Hz), 1.45--1.75 (m, 2 H, CH2): 2.50--2.73 (m, 
1 H, CL[Ph,~; 6.09--7.28 (m, 4 H, CH atom.). MS, m/z: 150 
[M] +. Found (%): C, 79.87; H, 1i.97. CIIHI4D 2. Calcula- 
ted (%): C, 88.00; H, 9.33; D, 2.67. 

1,3-Diphenyl-l,4-dideuterobutane (13a), b.p. 138 *C 
(4 Tort). n-~t D 1.5520. IR, v/crn-I:  715, 8t0, 840, 1210, 1245, 
1373, 1500, 1610, 2160 (vCD), 3040, 3075. JH NMR. 6:1.19 
(d. 2 H, CH2D, J = 6,8 Hz); 1.68--1.97 (m, 2 H, CH2); 2.13-- 
2.79 (m, 2 H, C HPh, C.H_DPh); 6.72--7.42 (m, 10 H. 
CH arom.). Found (%): C, 90.48; H, 9.37. Ct6Ht6D2. Calcu- 
lated (%): C, 90.56; H, 7.55; D, 1.89. 

1,3-Di(p-tolyl)-1,4-dideuterobutane (13b), b.p. 158--159 
~ (2 Torr). IR, v/em-~: 720, 800, 900, 1020, 1450, 1505, 
2t50 (vCD), 2850, 2910, 2950. ~H NMR, /5:1.19 (d, 2 H, 
CH2D, J = 7.2 Hz); 1.76--190 (m, 2 H, CH2); 2.[8 (s, 6 H, 
CH3Ph); 2.34--2.68 (m, 2 H. CH, CHD);  6.83--7.41 (m, 8 H, 
CH arom.). Found (%): C, 89.91; H, 9.93. CI~H20D 2. Calcu- 
lated (%): C, 90.00; H. 8.33; D, 1.67. 

1,4- Diphenyl- 1,4-dideuterobutane (14a), b.p. 146-- 147 ~C 
(2 Tort). IR, v/cm-t:  720, 1620, 2160 (vCD), 3050, 3080. 
IH NMR, 3:1.68--1.96 (m, 4 H, CHD);  2.35--2.54 (m, 2 H, 
CHD); 6.83--7.4[ Ira, 10 H, CH arom.). Found (%): C, 90.45; 
H. 9.39. CI6HI6D 2. Calculated (%): C, 90.56: H. 7.55: 
D, 1.89. 

1,2-Dideuteroethylbenzene (15a), b.p. 134-- 135 ~ n20D 
1.4959. IR, v/era-t:  690, 730, 1020, 1450, 1500, 1600, 2170 
(vCDL 2850, 2970, 3020. IH NMR,  ,3:1.16 (d, 2 H, CH2D, 
J = 7.6 Hz); 2.57 (t, I H, CH 2, J = 7.6 Hz): 7.02--7.24 (m, 
5 H, CHarom.).  MS, re~z: 108 [MI +. Found (%): C, 88.82: 
H. 11.06. CsHsD 2. Calculated (%): C, 88.89: H, 7.41; D, 3.70. 

p- ( l ,2-Dideuteroethyl ) to luene  (15b), b.p. 61--62 ~C 
(20 Tort), n20D 1.4950. IR, v/crn-~: 710, 800, 1010. 1050, 
1380, 1450, 1500, 1600, 2170 (vCD), 2420, 2860, 2940, 3030. 
IH NMR, ~5:1.18 (d, 2 H, CH2D, J = 7.5 Hz); 2.25 (s. 3 H, 
C_H3Ph); 2.54 (t, I H, CHD, J = 7.5 Hz): 7.02-7.24 (m, 5 H. 
CHarom.) .  MS, re~Z: 122 IM] +. Found (%): C, 88.44: 
H, 11.48. CgHIoD 2. Calculated (%~: C, 88.52; H, 8.20; D, 3.28. 

The work was financially supported by the Russian 
Foundat ion for Basic Research (Project Nos. 98-03-  
32913 and 97-03-33131). 
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