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2a, 3a, . 3, . 1

 2.

2 , -

. -

2a . 2

,

(3)— (6)— (7)

. 3 , .

2 3, -

(7), .

, . ,

 RICON [ 7 ],* 2 ,

(1)— (2)— (3)— (4)— (5)— (6) ( ) , -

, (1)— (2)— (3)— (4)— (5)— (7) ( ) —

,  ( . 4). (3) -

(1)— (2)— (4)— (5)  0,278

(0,260) Å 2  0,285 (0,280) Å 2 .

(1)— (2)— (4)— (5)/ (2)— (3)— (4) 2 ,  160  ( . . 3). -

, , ,

 [ 8 ],  (~143 ). -

 C(1)—C(2)—C(4)—C(5)/C(1)—C(5)—C(6)  C(1)—C(2)—C(4)—C(5)/C(1)—C(5)—

C(7) 2 ,  111 ,

 (~111,4 ).

3a, .

(3)  (  0,023 Å 3  0,008 Å 3 )

(1)— (2)— (4)— (5) - ,

(1)— (2)— (3)— (4)— (5):

 180 . ,  6,7-  [ 9 ]  6,6,7- -

                                                                

* . . .
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 1

,

2 , 2 , 3 3

2 2 3 3

C16H19BrO3 C16H19ClO3 C16H19BrO3 C16H19IO3

339,22 294,76 339,22 386,21

, Å 0,71073 0,71073 0,71073 0,71073

,

-1

,

-1

,

Pbca

,

C2/c

a, b, c, Å 10,9823(18),

11,7186(19),

13,397(2)

10,8729(13),

11,6741(15),

13,2390(17)

14,163(5),

13,961(5),

14,981

17,081(3),

13,148(2),

14,968(30)

, , , . 114,737(3),

  90,858(3),

  99,548(3)

114,179(2),

  91,584(3),

100,465(3)

90, 90, 90 90, 116,330(3), 90

V, Å3,   Z 1537,4(4),   4 1497(3),   4 2962,2(17),   8 3012,9(9),   8

, / 3 1,466 1,307 1,521 1,703

, -1 2,678 0,259 2,780 2,130

F (000) 696 624 1392 1536

, 0,60 0,40 0,40 0,20 0,20 0,05 0,60 0,60 0,50 0,30 0,30 0,10

1,68—28,91 1,97—28,86 2,46—26,00 2,04—29,12

- –10  h   14,

–15 k  15,

–17 l  17

–14 h  11,

–15 k  13,

–17 l  17

–17 h  14,

–17 k  17,

–14 l  18

–22 h  21,

–14 k  17,

–15 l  19

./ . - 10292/7105

(Rint = 0,0262)

10061/6960

(Rint = 0,0544)

16035/2918

(Rint = 0,0471)

99960/3711

(Rint = 0,0227)

, % 87,7 88,5 100,0 91,4

F 2 F 2 F 2 F 2

513 515 257 252

S 1,039 0,772 0,912 0,966

R- I > 2 (I ) R1 = 0,0443,

wR2 = 0,1125

R1 = 0,0584,

wR2 = 0,0765

R1 = 0,0259,

wR2 = 0,0489

R1 = 0,0229,

wR2 = 0,0604

R- - R1 = 0,0622,

wR2 = 0,1206

R1 = 0,2116,

wR2 = 0,1080

R1 = 0,0580,

wR2 = 0,0552

R1 = 0,0296,

wR2 = 0,0628

 (min/max),

e/Å-3

–1,113/1,454 –0,241/0,204 –0,247/0,302 –0,541/0,382

 [ 10—13 ]  6- ,7- - -

3  (

177—178,9 ). ,  7- - -

2a, , - 3 , ,

. , -

2a 2 , -

 C(3)— (6)— (7) ( . (3)— (6)— (7)/ (11)—

(12)—C(13)—C(14)—C(15)— (16), . . 3).

2 ,

C(1)—C(5)—C(6) (1)—C(5)— (7) ( )  C(1)— (5)

(6)—C(7)  (137,3 , 2,140  2,096 Å),
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 2

( 104) (Å 103)

2 , , 3 ,

2 2

x y z U x y z U

1 2 3 4 5 6 7 8 9

Br(1), Cl(1) 4456(1) 8994(1) 5775(1) 53(1) 789(1) 9897(1) 1182(1) 44(1)

C(1) 2504(3) 10411(3) 7006(3) 35(1) 2570(3) 8778(3) 1907(3) 29(1)

C(2) 1976(4) 10118(3) 5844(3) 42(1) 2840(4) 8280(4) 695(3) 37(1)

C(3) 1256(3) 8738(3) 5237(3) 40(1) 3676(4) 9341(4) 453(3) 37(1)

C(4) 1588(3) 7816(3) 5708(3) 35(1) 3665(4) 10718(4) 1294(3) 37(1)

C(5) 2194(3) 8525(3) 6895(2) 29(1) 3247(3) 10776(4) 2396(3) 29(1)

C(6) 3368(3) 9488(3) 6973(2) 31(1) 1926(3) 9925(3) 2210(3) 28(1)

C(7) 1619(3) 9723(3) 7568(2) 32(1) 3711(3) 9788(3) 2726(3) 29(1)

C(8) 4247(3) 9879(3) 8000(2) 32(1) 1198(3) 10134(4) 3211(3) 36(1)

C(9) 5620(4) 11583(4) 9397(3) 56(1) 543(6) 11675(6) 4779(5) 66(2)

C(10) 1711(4) 9675(5) 9347(3) 59(1) 3432(5) 9189(5) 4272(4) 48(1)

C(11) 0244(3) 9671(3) 7473(3) 43(1) 5037(3) 9585(4) 2590(3) 32(1)

C(12) –180(4) 10772(4) 7579(3) 57(1) 5308(4) 8381(5) 2223(3) 47(1)

C(13) –1459(5) 10733(7) 7504(4) 85(2) 6530(5) 8209(6) 2128(4) 63(1)

C(14) –2273(5) 9638(8) 7330(4) 93(2) 7495(5) 9254(6) 2410(4) 68(2)

C(15) –1855(4) 8555(7) 7249(4) 79(2) 7255(4) 10454(6) 2777(4) 63(1)

C(16) –586(4) 8572(5) 7322(3) 55(1) 6026(4) 10628(5) 2880(3) 45(1)

O(1) 4458(2) 9145(2) 8358(2) 44(1) 628(2) 9283(2) 3403(2) 45(1)

O(2) 4790(2) 11104(2) 8396(2) 44(1) 1222(2) 11386(3) 3804(2) 45(1)

O(3) 2115(2) 10337(2) 8709(2) 44(1) 3480(2) 10154(2) 3868(2) 36(1)

Br(1 ), Cl(1 ) 9245(1) 5169(1) 3868(1) 40(1) 4326(1) 4011(1) 816(1) 54(1)

C(1 ) 6726(3) 4235(3) 2574(2) 26(1) 2500(3) 5405(4) 1951(3) 35(1)

C(2 ) 6277(3) 4317(3) 3673(2) 32(1) 1934(4) 5080(4) 770(3) 41(1)

C(3 ) 6236(3) 5703(3) 4498(3) 36(1) 1169(4) 3675(4) 183(3) 42(1)

C(4 ) 7034(3) 6745(3) 4240(2) 35(1) 1521(4) 2796(4) 689(3) 38(1)

C(5 ) 7348(3) 6240(2) 3045(2) 26(1) 2159(3) 3522(4) 1881(3) 33(1)

C(6 ) 8011(2) 5099(3) 2752(2) 26(1) 3358(3) 4485(3) 1936(3) 34(1)

C(7 ) 6242(2) 5217(3) 2234(2) 27(1) 1615(3) 4728(3) 2534(3) 31(1)

C(8 ) 8752(3) 4872(3) 1767(2) 31(1) 4267(3) 4892(4) 2980(3) 37(1)

C(9 ) 9463(5) 3351(5) 229(4) 65(1) 5677(5) 6633(5) 4381(4) 58(1)

C(10 ) 6548(4) 5772(4) 685(3) 44(1) 1747(5) 4722(6) 4358(4) 63(2)

C(11 ) 4924(3) 5418(3) 2370(2) 34(1) 226(3) 4684(4) 2448(3) 37(1)

C(12 ) 3962(3) 4374(4) 2106(3) 47(1) –222(4) 5752(5) 2536(3) 50(1)

C(13 ) 2741(4) 4567(5) 2199(4) 65(1) –1487(5) 5726(6) 2459(4) 69(2)

C(14 ) 2491(4) 5767(6) 2534(4) 70(1) –2348(5) 4626(7) 2325(4) 76(2)

C(15 ) 3433(4) 6812(5) 2785(4) 61(1) –1925(4) 3582(6) 2261(4) 66(2)

C(16 ) 4643(3) 6628(4) 2698(3) 45(1) –643(4) 3595(5) 2324(3) 50(1)

O(1 ) 9308(2) 5725(2) 1573(2) 41(1) 4487(2) 4170(3) 3360(2) 47(1)

O(2 ) 8767(2) 3632(2) 1183(2) 42(1) 4843(2) 6134(3) 3356(2) 45(1)

O(3 ) 6497(2) 4823(2) 1100(2) 33(1) 2150(2) 5373(2) 3685(2) 44(1)
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.  2

3 3

1 2 3 4 5 6 7 8 9

Br(1), I(1) 135(1) 5375(1) 2988(1) 39(1) 10549(1) 8116(1) 11322(1) 39(1)

C(1) 1059(2) 5158(2) 1200(2) 27(1) 8693(1) 7812(1) 9452(1) 27(1)

C(2) 1559(2) 6077(2) 1497(2) 33(1) 8944(2) 8783(2) 9096(2) 34(1)

C(3) 2259(2) 5923(2) 2266(2) 41(1) 9692(2) 8646(2) 8803(2) 42(1)

C(4) 2323(2) 4895(2) 2629(2) 36(1) 10059(1) 7573(2) 8926(2) 38(1)

C(5) 1687(2) 4189(2) 2134(2) 29(1) 9610(1) 6812(1) 9309(2) 29(1)

C(6) 682(1) 4602(2) 2014(1) 27(1) 9501(1) 7247(1) 10203(1) 27(1)

C(7) 1785(1) 4329(1) 1097(2) 27(1) 8599(1) 6930(1) 8729(1) 27(1)

C(8) –58(1) 3827(2) 1875(1) 29(1) 9348(1) 6432(1) 10816(1) 27(1)

C(9) –1324(2) 3285(2) 999(2) 50(1) 8517(2) 5949(2) 11628(2) 38(1)

C(10) 3378(2) 3952(2) 696(3) 51(1) 8221(2) 6560(2) 7033(2) 44(1)

C(11) 1442(1) 3508(2) 510(2) 27(1) 8070(1) 6042(1) 8794(1) 26(1)

C(12) 1229(2) 3702(2) –375(2) 34(1) 7247(1) 6210(2) 8731(2) 32(1)

C(13) 963(2) 2981(2) –950(2) 38(1) 6732(1) 5414(2) 8741(2) 40(1)

C(14) 901(2) 2044(2) –649(2) 39(1) 7022(2) 4433(2) 8806(2) 43(1)

C(15) 1118(2) 1843(2) 223(2) 42(1) 7826(2) 4255(2) 8855(2) 44(1)

C(16) 1382(2) 2572(2) 800(2) 35(1) 8352(1) 5050(1) 8850(2) 34(1)

O(1) –122(1) 3127(1) 2334(1) 43(1) 9737(1) 5649(1) 11046(1) 37(1)

O(2) –640(1) 4029(1) 1199(1) 34(1) 8735(1) 6702(1) 11083(1) 31(1)

O(3) 2671(1) 4672(1) 785(1) 35(1) 8264(1) 7294(1) 7743(1) 34(1)

 [ 8 ]. (6)  C(1)—C(2)—C(4)—C(5) 

1,043 (1,032) Å 2a  1,044 (1,043) Å 2 , (7) —  1,064 (1,066)

 1,053 (1,050) Å . 3a

2a,

(1)— (5)— (6)/C(1)—C(5)—C(7)  C(1)—C(6)—C(7)/C(5)—C(6)—C(7) -

(1)— (5)  C(6)—C(7). (6)

C(1)—C(2)—C(4)—C(5)  1,041 Å 3  1,033 Å 3 , (7)

 1,074  1,065 Å .

2 (1)— (6) (5)— (6) (  1,547 Å) (1)— (7)

(5)— (7) (  1,565 Å). 2  1,540  1,554 Å.

2a, , 3 (1)— (6) (5)— (6) (  1,544 Å) -

(1)— (7) (5)— (7) (  1,565 Å).

3  (  1,536  1,553 Å ).

2a, 3a, , - , -

(6).  —

6- - -7- -  [ 14 ].  C(1)—C(6)—C(5),

C(1)—C(7)—C(5), C(6)—C(1)—C(7)  C(6)—C(5)—C(7) 

2 , , 3 ,  83,1—88,2 . , ,

.

2 3

(7) . , , -

2 3 .  Br(1)—C(6)—C(8)  O(3)—C(7)—

C(11)  C(1)—C(5)—C(6)  Br(1)—C(6) 

,  C(1)—C(5)—C(7) 

C(7)—C(11) 2 (7)— (3) 3  ( . . 3). 

,  C(6) 2 3 1 ,  C(7)
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 3

:  d, Å, , ,

- , , ., 2a, , 3 ,

2a 2a 2 2 3a 3

d

C(1)—C(2) 1,529(6) 1,529(4) 1,526(4) 1,524(6) 1,532(4) 1,516(3)

C(1)—C(5) 2,120(5) 2,145(5) 2,124(6) 2,126(6) 2,140(4) 2,128(3)

C(1)—C(6) 1,541(6) 1,545(5) 1,537(4) 1,542(5) 1,540(4) 1,531(4)

C(1)—C(7) 1,559(6) 1,565(6) 1,566(4) 1,552(5) 1,556(3) 1,547(3)

C(2)—C(3) 1,535(6) 1,544(5) 1,548(5) 1,530(5) 1,534(4) 1,535(4)

C(3)—C(4) 1,547(6) 1,545(6) 1,536(6) 1,557(6) 1,536(4) 1,523(3)

C(4)—C(5) 1,530(5) 1,524(3) 1,519(6) 1,532(6) 1,525(4) 1,518(4)

C(5)—C(6) 1,537(5) 1,538(5) 1,540(6) 1,540(6) 1,548(3) 1,540(3)

C(5)—C(7) 1,560(6) 1,575(5) 1,545(7) 1,554(6) 1,573(3) 1,559(4)

C(6)—C(7) 2,107(5) 2,099(4) 2,095(5) 2,099(5) 2,115(2) 2,097(5)

Hal(1)—C(2) 3,203(6) 3,220(5) 3,096(7) 3,090(6) 3,164(3) 3,359(8)

Hal(1)—C(4) 3,206(5) 3,211(6) 3,082(5) 3,088(6) 3,216(3) 3,379(4)

Hal(1)—H(2B) 2,841(5) 2,805(3) 2,748(3) 2,758(2) 2,904(2) 3,143(2)

Hal(1)—H(4B) 2,843(3) 2,849(4) 2,671(3) 2,779(3) 2,976(2) 3,137(2)

(3)— (8) [C(8)—C(11)] 2,594(5) 2,604(5) 2,599(5) 2,576(5) [2,982(3)] [2,886(7)]

C(1)—C(6)—C(5)   87,1   88,2   87,3   87,3   87,8   87,7

C(1)—C(7)—C(5)   85,7   86,2   83,1   86,4   86,3   86,5

C(6)—C(1)—C(7)   85,6   84,9   84,9   85,4   86,2   85,9

C(6)—C(5)—C(7)   85,7   84,8   85,6   85,4   85,3   85,2

Hal(1)—C(6)—C(8) 103,1 102,1 103,0 104,1 102,8 102,3

O(3)—C(7)—C(11) 110,6 110,6 110,1 110,3 110,1 110,8

Hal(1)—C(6)—C(8)—O(1) 89,2 91,9 92,3 88,4   80,7   86,4

Hal(1)—C(6)—C(8)—O(2) 87,2 84,8 84,1 87,2   97,5   92,5

(3)— (7)— (11)— (12) 79,2 80,6 97,2 99,0   64,8   73,7

(3)— (7)— (11)— (16) 98,6 95,8 80,1 78,2 111,5 102,1

C(1)—C(5)—C(6)/ (1)— (5)—C(7) 137,7 137,3 137,3 137,8 139,6 139,2

C(1)—C(6)—C(7)/ (5)—C(6)— (7) 137,9 138,1 137,9 138,4 140,0 139,7

C(1)—C(2)—C(4)—C(5)/C(2)—C(3)—C(4) 160,8 161,7 160,4 160,3 178,4 179,4

C(1)—C(2)—C(4)—C(5)/C(1)—C(5)—C(6) 110,8 111,2 110,2 110,5 110,7 111,2

C(1)—C(2)—C(4)—C(5)/C(1)—C(5)—C(7) 111,6 111,6 112,5 111,6 109,8 109,6

(3)— (6)— (7)/ (11)— (12)—C(13)—

C14)—C(15)— (16)

  93,4   92,1   93,6   93,8   70,8   81,1

C(1)—C(5)—C(6)/Hal(1)—C(6) 49,3 49,2 49,4 49,6 50,1 47,6

C(1)—C(5)—C(7)/C(7)—C(11)

[C(1)—C(5)—C(7)/C(7)—O(3)]

45,4 45,6 45,5 44,9 [56,1] [56,4]

1 –2,3 –1,8 –2,1 –2,4 –1,3 –3,6

2 –10,0 –9,7 –9,6 –10,3   1,0   1,0
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. 1. -

2a,

                                  

. 2. -

         3 ,

2 2 , 3  (

 Br(1)—C(6)—C(8)  C(1)—C(6)—C(5) ( 1)

 O(3)—C(7)—C(11)  C(1)—C(7)—C(5) ( 2)). -

2 -

3 .

 CO2CH3 3 2 -

- .

1 2 3 3 -

(6),

(7): , , 3 -

(6) (7) , (8) (11)

( . . 3). ,

- -

 4

 S, , 2 2 , , 3 , ,

 ZP [ 7 ]

S , . 2, .

2 1,176 23,94 0,62

1,050 52,40 0,16

2 1,160 24,56 0,36

1,046 51,65 0,21

2 1,180 23,86 0,17

1,043 52,71 0,12

2 1,182 23,38 0,11

1,046 53,30 0,11

3 1,082 36,22 0,29

1,084 38,58 0,02

3 1,074 36,96 0,03

1,086 37,84 0,42
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, - ,

1 2 2 2 .

2a 2 -

 C(3)—C(6)—C(7). , , -

 Hal(1)—C(6)—C(8)—O(1)  Hal(1)—C(6)—C(8)—O(2) ( . . 3). 3

3 -

, (3)— (6)— (7). -

(3)— (6)— (7)  ( ., , -

(3)— (7)— (11)— (12) (3)— (7)— (11)— (16)).

 ( -

-  [ 15 ] )

: Br(1)…H(2B)  Br(1)…H(4B)

(3,13 Å), Br(1)…C(2)  Br(1)…C(4) (3,68 Å) — 2a 3 ; Cl(1)…H(2B)  Cl(1)…H(4B)

(3,06 Å), Cl(1)…C(2)  Cl(1)…C(4) (3,61 Å) — 2 ; I(1)…H(2B)  I(1)…H(4B)

(3,30 Å), I(1)…C(2)  I(1)…C(4) (3,85 Å) — 3 . 2 -

 Cl(1)…H(2A ) (2,817 Å), -

-

.

, 2 3

,

,

.
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