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Under the action of N-bromosuccinimide in aqueous acetone, cembrene has given a low yield of a cyclization 

product, the structure and stereochemistry of the molecule of which have been established by x-ray structural 

analysis. In contrast to the cyclization of cembrene under the action of formic acid, in the reaction under 

consideration a 1,5-hydride shift in the last stage dominates substantially over the splitting out of a proton from 
the methyl group at C-4. 

N-Bromosuccinimide in aqueous acetone is an effective cyclizing agent for polyolef'ms and, in particular, for 
germacrane sesquiterpenoids [3], and humulene [4]. Its interaction with cembrene (I) leads to the dominant formation of 
bromohydrins -- 5$-bromo derivatives of isocembrol and of 4-epiisocembrol [5]. 

The TLC analysis of the reaction mixture obtained by the procedure described in [5] from cembrene and N-bromo- 
succinimide showed the presence in it of a substance giving a spot with a blue-violet coloration, which is not characteristic for 
cembranoids. This substance was isolated by chromatography; it crystallized well and had the empirical formula C3oH32OBr2 
(mass spectrometry and elementary analysis). According to its IR spectrum, its molecule contained a hydroxy and an 

exomethylene group. According to x-ray structural analysis, the structure and accurate configuration of the molecule of the 
compound obtained is expressed by formula (II), all three carbon rings in the molecule having the chair form. 

The conformation of the ring with the bromine atoms was retained in deuterochloroform solution. Thus, the SSCC 

v a l u e s  J5,4 = J5,6a = J5,6b "~ 2.3 Hz in the PMR spectrum show the actual position of the C(5)-Br bond, while the SSCC 

values J7,6a = 12.5 Hz and J7,6b = 4.0 Hz agree with the equatorial position of the bromine atom at C-7. 
In the crystal, the molecules of (II) are linked by hydrogen bonds into tetramers. The lengths of the bonds are averaged 

for the four independent molecules composing the tetramer. The intermolecular contacts are the usual ones [6]. 
The positions of the bromine atoms in the (II) molecule and its absolute configuration permit us to describe the process 

in which the dibromoalcohol (II) is formed from cembrene by the following scheme 

~P 

.- = 29 Br' 
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Fig. 1. Structure and absolute configuration of the molecule of the 

dibromoalcohol (II) (the errors in the determination of the bond 

lengths amount to 0.02-0.03 ,~). 

One of the directions for the cyclization of cembrene under the action of HCOOH proceeds analogously, but in this 

case in the last stage two alternative processes are realized - -  a 1,5-hydride shift with the participation of the methine proton 

of the isopropyl group (as the conversion of (IV) into (II)) and the splitting out of a proton from the methyl group at C-4. They 

lead, respectively, to the formates of alcohols (V) and (VI) (12:47) and to the alcohols (V) and (VI), themselves (18:20) [7] 

HO = N 

In our case it was not clear whether both processes took place or only the one with the 1,5-hydride shift. It was 

possible to answer this question by determining the presence or absence in the complex mixture of the products of the reaction 

of cembrene with N-bromosuccinimide of the 5,7-dibromo derivative of the alcohol (VI). To detect the latter we made use of 

the photoinitiation of the debromination of alkyl bromides by tri-n-butylstarmane, under which conditions the dibromoalcohol 

(II) was converted completely into the alcohol (V) [7]. When this reaction was carried out with the initial mixture of the 

products of the reaction of cembrene with N-bromosuccinimide, we obtained (after chromatography) a fraction containing the 

chromatographically inseparable alcohols (V) and (VI), the ratio of which, according to GLC, was 49:1. 

Thus, in contrast to the acid cyclization of cembrene [7], on its reaction with N-bromosuccinimide in aqueous acetone 

the 1,5-hydride shift in the intermediate cation (IV) predominates substantially over the splitting out Of a proton from the Me-4 

group which, is undoubtedly determined by the pre~ence of an axial bromine atom at C-5 in the cation (IV). 

EXPERIMENTAL 

The instruments and conditions for chromatography have been described previously [7]. 

The Dibromoalcohol (ID. By chromatographing the mixture of products obtained by the method of [5] from 14.00 

g of cembrene and 11.0 g of N-bromosuccinimide we obtained 0.97 g of a fraction (the eluent being a 7:3 mixture of petroleum 

ether and diethyl ether) containing compound (II) (blue-violet spot on TLC, after spraying with conc. H2SO 4 followed by 
keeping for 10-15 min). To eliminate impurities susceptible to acetylation, this fraction was treated with 5 ml of acetic an- 
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T A B L E  1. Coordinates  × 104, (in fract ions of  the cell) and Equivalent  

Thermal  Factors  (A 2, x 103 of  the nonhydrogen  atom of  compound  (II). 

(The first line corresponds  to the first  independent  molecule ,  the second to 

the second, and so on.)  

A'ro~ -x  -y  -z Uequiv 

C(i) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) . 

C(9) 

C(t0) 

C(I1) 

954(17) 
4940(18) 

.1036(17) 
2834(17) 

2415(14) 
3848(16) 
1494(15) 
1699(16) 

3424(17) 
3186(14) 
2994(17) 
2339(17) 

3544(16) 
4191 (18) 
3353(19) 
3264(17) 

4324(16) 
3477 (22) 
4882(20) 
4005(17) 

5691(17) 
2176(17) 
546209) 
3054(20) 

5482(16) 
1262(17) 
5067(17) 
2171(17) 

4781(16) 
1947(17) 
3535(17) 
1326(16) 

4500(18) 
896(17) 

3347(17) 
629(18) 

3696(16) 
1566(18) 
1857(18) 

12(16) 

2353(16) 
2697(16) 
1440(15) 
998(16) 

10290(13) 
838(13) 
9565(14) 
5351 (12) 

10632(12) 
1433(13) 
8449(13) 
4716(12) 

10498(13) 
2267(12) 
8214(13) 
3966(11)  

9422(11) 
3019(17) 
8577(16) 
4474(12) 

9379(12) 
3675(16) 
8521(16) 
3698(14) 

9885(13) 
4188(13) 
7494(17) 
2915(15) 

10957(13) 
3403(15) 
7159(14) 
2467(12) 

"11066(13) 
2838(13) 
7165(13) 
3189(14) 

12160(12) 
2061(15) 
6994(12) 
2622(13) 

12309(12) 
1261(14) 
7126(15) 
3310(12) 

11730(12) 
698(13) 
8226(14) 
4051(13) 

6919(6) 
1860(6) 
598(5) 

6193(5) 

6958(5) 
2067(5) 
694(4) 
5924(4) 

6621 (5) 
1749(5) 
602(5) 

5607(5) 

6460(5) 
1584(6) 
162(6) 

5298(5) 

6076(5) 
1228(6) 
146(7) 

5061 (5) 

6140(5) 
1361 (6) 
262(6) 

4837(6) 

6289(5) 
1535(6) 
7O4(5) 

5148(5) 

6711 (5) 
1919(5) 
755(5) 

5379(5) 

6797 (6) 
2028(6) 
1215(5) 
5715(6) 

7169(5) 
2350 (6) 
1296 (6) 
6020(5) 

7096 (5) 
2172(6) 
1187 (5) 
6246(4) 

48(7) 
51 (7) 
51 (7) 
44(6) 

35(6) 
46(6) 
35(6) 
42(6) 

42(6) 
38(6) 
47(7) 
43(6) 

37(6) 
65(8) 
70(9) 
5O(7) 

40(6) 
75(9) 

79(10) 
50(7) 

44(6) 
60(7) 
81(9) 
73(8) 

42(7) 
65(8) 
55(7) 
47(7) 

35(6) 
46(7) 
44(6) 
46(6) 

52(7) 
56(8) 
55(7) 
58(7) 

44(6) 
65(8) 
68(9) 
51(7) 

42(6) 
47 (7) 
49(7) 
45(6) 
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TABLE 1. 'Continued) 

ATOM [ -X 

C(12) 

C(13) 

c(i4) - 

C(15) 

C(16)' 

C(17) 

C ( 1 8 )  

C(19) 

C(20) 

O(1) 

Br(l) 

Br(2) 

1467(18) 
3198(18) 

92(19) 
365(21) 

64(19) 
41"71 (20) 
-249 (19) 
1448(21) 

13(18) 
5331 (21) 
-215(18) 
2196(19) 

691 (19) 
6282(20) 
788(21) 

3533(21) 

942(20) 
6821 (22) 
1418(22) 
5026(19) 

-74(18) 
7031 (20) 
- 120 (26) 
2765(22) 

4176(20) 
5021 (21) 
2642(22) 
2564(18) 

5701 (15) 
2291(18) 
2835(18) 
199(18) 

2135(18) 
3765(18) 
-1077(17) 
-809(19) 

1453(12) 
2030(13) 
176(11)  

-176(11) 

3228(2) 
2964(3) 
5785(2) 
5469(2) 

7260(2) 
-387(2) 
5950(2) 
1090(3) 

-y -z 

11918(13) 
-233(14) 
8460(16) 
4691 (14") 

11532(14) 
-790(17) 
9546 (17) 
5293 (15) 

10482(12) 
-135(17) 
9845(15) 
5899(13) 

9224"(16) 
1395(15) 
9807(18) 
6176(12) 

8456(16) 
1374(18) 
10796(16) 
6207(16) 

9025(16) 
1806(20) 
9275(25) 
6894(14) 

8661 (15) 
3722(17) 
8008(17) 
5207(12) 

10668(14) 
3496 (I 3) 
6292 (15) 
3637 (13) 

11447(13) 
83(17) 

7775(1 ?) 
5319(14) 

12987 (8) 
• -864(10) 

8294(10) 
3969'(9) 

9860(2) 
2817(3) 
9572 (2) 
3084(2) 

11658(2) 
4147(2) 
5871 (2) 
1429(2) 

7467(5) 
2428(5) 
1346(5) 
6585(5) 

7340(5) 
2188(7) 
1259(7) 
6845(6) 

7172(5) 
2090(6) 
792(6) 

6555(5) 

6694(6).  
1818(8)  
123 (7) 

5940(6)  

6976(7) 
1425 (6) 

1 (7) 
6028(6) 

6266(6) 
2174 (6) 
-155(7) 
5715(6) 

6803(6) 
1895(7) 
-233(6) 
4971(6) 

7100(5) 
2324(6) 
476(5) 
5064(5) 

7890(5) 
2898 (6) 
I 156(6) 
6406(6) 

7544(3) 
2465(4) 
1802(3) 
6888(3) 

5556 ( 1 ) 
7i0(I) 
483(I) 
5452(I) 

6337(1) 
1647(1) 
862(1) 

4823(1) 

• Uequi v 

46(7) 
55(7) 
57(8) 
56(8) 

57(7) 
77(9) 

83(10) 
74(9) 

48(7) 
75(10) 
75(8) 
68(8) 

54(8) 
71(8) 
75(9) 

•54(8) 

88(11) 
95(11) 
115(12) 
89(10) 

85(9) 
109(11) 
153(16) 
84(10) 

69(9) 
94(11) 
95(10) 
60(8) 

49(7) 
62(8) 
69(8) 
6017) 

52(7) 
90(10) 
86(9) 
76(9) 

55(5) 
81 (6) 
76(6) 
62(5) 

56(1) 
114(1) 
109(1) 
77(1) 

69(1) 
85(1) 
87(1) 
86(1) 

hydride in 10 ml of pyridine (12 h at 20°C). Chromatography of the product (0.77 g) gave 0.40 g of a •mixture of unidentified 

compounds and 0.35 g of substance (II) with mp 123~-124°C (from acetonitrile), [OdD 2° --  52.2 ° (c 2.68; CHC13). Calculated, 

%: C 53.53; H 7.02; Br 34.10. C20H32OBr 2. Found %: C 53.57; H 7.14; Br 35.71. Mass spectrum (70 eV, direct insertion, 

120°C, m/z, %): 446 (3.2) and 448 (5) (M+); 351 (94), 349 (100) ((M - -  18 --  Br)+). IR spectrum (CC14): 895, 1650, 3075 

(C~-CH2), 3615 cm -1 (OH). PMR spectrum (ppm): 0.88 (3H, d, J = 7.0 Hz, Me-4), 1.00, 1.17 and 1.77 (each 3H, s, s and 

br.s Me-8, Me-12 and Me-15 respectively), 2.35 (1H, br.d, J - 16 Hz, H-63), 2.65 (1H, ddd, J = 2.3, 12.5 and 16.0 Hz, 

H-6a), 4.30 (1H, q, J = 2.3 Hz, H-5), 4.39 (1H, dd, J = 12.5 and 4.0 Hz, H-7), 4.68, 4.75 (1 H each, narrow multiplets, 
C = CH2). 

The x-ray structural experiment with crystals of compound (II) was carried out on a Syntex P21 diffractometer (k 

Mo-K,  co-scanning, 20 < 50 °, (for 4088 reflections having I > 2cr with allowance for absorption from the experimental trans- 
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mission curve, structure interpreted by the direct method). Crystallographic characteristics: a = 9.900(2), b = 13.329(4), c = 

31.320(8) A,/3 = 96.56(2) °, Z = 8, space group P21. 

The choice of the absolute configuration was made on the basis of the results of refinement by the method of least 

squares (block-diagonal anisotropic approximation, calculated positions of the H atoms) of the entantiomeric structures: R = 

0.063, R w = 0.056, and R = 0.067, R w = 0.062, repectiVely. The coordinates of the atoms are given in Table 1. 

Production and Identification of the Alcohols (V) and (VI). The total products obtained by the procedure of [5] from 

the interaction of 4.00 g of cembrene and 2.62 g of N-bromosuccinimide were debrominated with tri-n-butylstannane (11 ml) 

[7]. Chromatography on SiO 2 of the total reaction products led to the isolation of 0.06 g of a crystalline substance agreeing 

according to TLC with standard specimens of the alcohols (V) and (VI). Its PMR spectrum corresponded to that of the alcohol 

(V) while GLC (recording conditions as in [7]) showed the presence of 2 % of the alcohol (VI) in it. 
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