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A novel, mild, and highly stereoselective transformation of cpoxides to azidohydrins by treatment with 
Et,AI/HN, in toluene is described. As an example for the versatility of the reaction, a polyfunctional compound, 
14,I5-epoxy- 14,15-dihydromilbemycin D ( I ) ,  was transformed to 14-azido- 14,15-dihydro- 15-hydroxymilbemycin 
D (2) in 61 YO yield. 

1. Introduction. - Vicinal azidohydrins are generally obtained from oxiranes by a 
reaction with alkali azide in a suitable solvent [ 1-12]. Phase-transfer reagents are also 
used for the same transformations [13]. The reactions are often carried out under either 
alkaline or acidic conditions, and they usually require high temperatures and/or long 
reaction times. As side reactions, isomerizations, epimerization, and rearrangements may 
be induced by the alkaline conditions of the reactions with alkali azides. To the best of our 
knowledge, there is no report on the cleavage of epoxides derived from medium- to 
large-ring olefins by any of these methods. Medium rings with epoxy functions are known 
to be highly resistant to nucleophilic reagents, or they give rise to transannular-reaction 
products [ 141. Thus, it is our opinion that most methods known to date for the prepara- 
tion of azidohydrins are limited to open-chain epoxides, small-ring epoxides, and epo- 
xides activated by neighboring groups. 

As part of a program on chemical modifications of milbemycin D [ 151, we planned to 
transform 14,15-epoxy-14,15-dihydromilbemycin D (1) [16]’) into a vicinal azidohydrin 
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(Scheme). Since reaction of the polyfunctional epoxide 1 with NaN, led to decom- 
position of the starting material, and no azidohydrin could be detected, it was necessary 
to develop a new, milder process. Several years ago, Nugata et al. had introduced 
Et,Al/HCN and Et,AlCN as reagents for the smooth cleavage of epoxides to give 
/3-cyanohydrins [17] [ 181. Therefore, we selected the corresponding azide reagents Et,AI/ 
HN, or Et,AIN, [19] [20] as the reagents of choice4). 

2. Results and Discussion. ~ Indeed, the reaction of the epoxide 1 with Et,Al/HN, in 
toluene was a highly selective process and gave 14-azido- 14,15-dihydro-l5-hydroxymil- 
bemycin D (2) in 61 % yield. The versatility of Et,AI/HN, as a mild and efficient reagent 
for the transformation epoxide+azidohydrin is further illustrated by 6 representative 
examples given in the Table. 

Table. Reuclions q/the Epuxidc.\ 3 8 with Ei ,AIIHN, in T~~lueiic 

Entry Epoxitie Temperature Reaction Timc Azidohydrin Yield 

6 

+ 7  

-70" I5  min 9 12 % 

~ 7 0 "  25 min 68 % 

r.t. 

r.t. 

-70" 

25 rnin 

2.5 h 

3 h  

15 min 

11 

13 

&H 14 

90 Yo 

83 % 

68 % 

90 Yo 

A general procedure is described: the reagent is prepared in situ by reaction of 
equimolar quantities of Et,Al with HN, in a non-polar solvent ( e g .  toluene or benzene). 
The results in the Table indicate that the transformation of medium- and large-ring 
epoxides require higher temperatures and longer reaction times (entries 4 , 5 j  than that of 
the epoxycyclohexanes 3 and 4. A high regioselectivity was observed to yield tertiary 
azides (entries 2, 3 j ,  and trans-azidohydrins are the products. It is noteworthy that the 
reaction of the epoxide 4 with NaN, was less selective, leading to the expected secondary 
azide 15 as the major product, in addition to the azidohydrin 10 (ratio ca. 2 : 1) [25]. 

This work was supported by Cih-Geigy Ltd., Baslc. Wc are indebted to the following persons for their help: 
Miss R. Brundenherg, Mr. F. Fehr and Mr. M .  Lungenuuer (NMR),  Mrs. L.  G o l p w s k i  and Prof. J .  Seibl (MS), and 
Mr. D. Munser (elemental analysis). The authors would also like to thank Dr. Ernst Miiller, University of 
Innsbruck, for helpful discussions. 

4, The reagent described here was prepared in s i fu ,  and it was not determined whether it is  a complex o r  Et2A1N3. 
After this work was completed [21], a method for the cleavage ofoxiranes with HN,/DMF was published [22]. 
Furthermore, mild syntheses of 0-protected azidohydrins by treatment of the epoxide with Me,SiN, in the 
presence of a Ti o r  V catalyst [23], or EtzAIF [24] were described. 
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Experimental Part 

General. See [26], except as noted below. Column chromatography (CC): silica gel (SiO,) 60 (Merck; 
0.040- 0.063 mm, 230400 mesh ASTM). 'H-NMR spectra: Vurian EM-3Y0 instrument (90 MHz) o r  Bruker 
Wf-SO/CW (80 MHz); CDCI, s o h  or, exceptionally (as indicated below) CCI, solns. 

I .  E / , A I / H N ,  Reagent. To dry toluene (8 ml) was added ncat Et,AI (1.36 ml, 10 mmol) a t  0" under Ar with 
efficient stirring. A s o h .  of HN, [27] (dried over Na2S04;  6.1 ml, 7.05% in C6H,, 10 mmol) was added slowly 
maintaining the temp. between -30 and -20", and the mixture was then brought to r.t 

2 .  Trunsfbrmution of the  Epoxidos to the Azidohydrms. 2.1. Generul Proceditrc. To a soh.  of the epoxide') ( 5  
mmol) in dry toluene (4 ml) under Ar at  -70" was slowly added, by means of a cannula, the Et,AI/HN, reagent. 
After completion of the reaction (TLC), Et,O (100 ml) w dded, and the mixture was slowly poured into a 
vigorously stirred soh. of conc. HCI (10 ml) in ice-water (300 ml). The Et,O layer was worked up to yield the 
uidohydrin which was purified by CC (SiO,; Et20/hexane gradients). 

2.2. 14,15-Epo.u~-14,IS-dihydromilhem.vcin 11 (1; 500 mg, 0.88 mmol) in toluene (5 ml) was treated with 
Et?AI/HN, (17.4 ml) first a t  O",  then at  r.t. for 2 h. Workup by the addition of E t 2 0  (200 ml), a 1:l mixture of 
Na2S04- 10 H,O/Cclite (6 g), and MeOH (1 i d ) ,  filtration, and CC (CH2C12/acetone 25:l) gave 14-azido-14.15-di- 
hydro-IS-h~droxymi1bemyc.m D (2; 328 mg, 61 YO). M.p. 183" (MeOH). IR (CHCI,): 3620w, 3 5 6 0 ~ .  3450w, 2950s, 
2920s. 286001,2100s, 1700m, 1445m, 1430m, 1375~7, 1335m, 1310m, 1290m, 1260~1, IIXOm, 1160m,1145m, Illom, 
l07Om (br.), 1030~1, 1005.\, 975m. 965% 905w, 885w, 860m. 'H-NMR (300 MHz, characteristic signals): 0.79,0.82, 

CH,-C(4)); 2.31 (d, J = 8, OH): 3.02 (dd, .I = 9.5, 2.0, H-C(25)); 3.28 -3.34 ( m  with 4 character, J = 2.4, 
HpC(2)):  3.76-3.88 (el, H-C(l7)): 3.924.02 (07, H-C(15)); 3.97 (d ,  J 6.0, H-C(6)); 4.264.36 (m, H-C(5)); 
4.71 ( A B ,  J = 14, split into m, wl/ ,  = 3,6 ,  = 4.66, JH = 4.76, 2 H-C(27)); 5.08 (s, OH); 5.38 (rn, wx = 5,  H-C(3)); 
5.40 5.52 (m, H-C(l9)); 5.65 (dd, J = 12.5, 9.5, H-C(l1)); 5.84-6.00 (m. H-C(9),H-C(IO)). 13C-NMR (75 
M H r ) :  14.2, 17.3, 18.7, 19.8,20.8,23.6(64,6CH,);28.0,35.7,36.7,37.1,40.3,43.7(6t,C(13),C(16),C(18),C(20), 
C(22) ,  C(23)): 28.3, 31.5, 34.8,45.0 (4d, C(2), C(12), C(24), (CH,)2CH); 64.7 (d, C(15)); 65.9 (s, C(14)); 67.7, 67.7, 
69.4, 78.3, 78.5 (5d,C(5), C(6), C(17),C(l9), C(25)); 80.5 (s, C(7)); 97.4(s, C(21)); 117.1, 120.0, 124.1, 142.9(4d, 
C(3). C(9). C(I0), C(11)); 137.9, 140.8 (2s, C(4), C(8)); 175.0 (s ,  C(1)). Anal. calc. for C,,H,,N,O, (615.74): C 

; found: C 64.43, H 8.10, N 6.70. 
clohexane (3; 500 mg, 5.1 mmol) in tolucne (4 ml) was treated with Et,AI/HN, (1  5 ml) a t  -70" 
azidocvclohexunol [ I ]  [2] (9; oil; 521 mg, 72%).  

2.4. /.2-Epo.uy-/-mrthyIc?/c.[ohexane(4; SO mg, 0.45 mmol) in toluene (0.5 ml) was treated with Et3AI/HN3 (1.5 
inl) at -70" for 25 min yielding ( 1  R S , 2 R S ~ - 2 - u z i d o - 2 - n ~ ~ / h . ~ / c y ~ l o h e . ~ u n ~ ~ l ( l O ;  oil; 47 mg, 68 Yo). IR: 3570w (br.), 
342011 (br.), 2980~.  (sh), 2 9 4 0 ~  2x60~1, 2100s, 1 4 6 0 ~  (sh), 1445n,, 1 4 3 0 ~  (sh), 1230~2 (br.), 1 2 0 0 ~  (br.), 1150w, 
I 105n1, 1075~1, 1050m (sh), 1040m (sh), 102511~ (sh), 9801r, 84011,. 'H-NMR (YO MHz): 1.60 (.s, CH3-C(2)); 

2.5. /-Ouci.spiro/2.S]oc.tunc (5 [28]; 50 mg, 0.45 mmol) In toluene (0.4 nil) was treated with Et,AI/HN, (1.5 ml) 
at r . t .  for 25 min affording i/'-a;iduCl.Clohe.ul'lilMcrhuno[(l I ;  oil: 62 mg, 90'%). 1R 3600w(sh), 3580w, 3440w(br.), 
3300w(br.), 2920s. 2840~7, 2100s, 144001, 137511,, 13551v, 1300rn (hh), 1290tn, 1270~1, 1250~1, 1215u~, 1175w, 1155w, 
1120n1. 109011~, 9651v, 910w, 8 7 0 ~ .  'H-NMR (90 MHL, CCI,): 1.00 2.20 (m,  I 1  I t ) :  3.20--3.80 (m,  CH20H). 

looctune (6 ;  270 mg, 2.14 mmol) in toluene (2 ml) was treated with Et,AI/HN, (7 ml) a t  r.t. 
for 2.5 h yielding ( l  RS,ZRS)-2-uzid~i~~~~luoc.tuno[ (12; oil; 300 mg, 8 3 % ) .  IR:  3 6 1 0 ~  (sh), 3580w, 3450w (br.), 
33201~ (br.), 29205, 2 8 5 0 ~ 1 ,  2 1 0 0 ~  16001~ (br.), 1470n (sh), 1460w, 1440w, 1 4 3 0 ~  (sh), 1380w, 1 3 5 0 ~  (br.), 1310w 
(sh), 1290w(sh), 1 2 7 0 ~  (sh), 1250m, 1 2 1 0 ~  (sh), 1 ~ ~ O I I ' ,  I I  I O n , ,  IOXOw,  10501v, 1000w, 975w, 9 0 5 ~ .  'H-NMR (80 

2.7. 1,2-Epox~c~~elododecun~, (7; 140 mg, 0.77 mmol) in toluene ( 2  ml) was treated with Et,AI/HN, (5 ml) at  r.t. 
for 3 h yielding (1 R S , 2 R S ) - 2 - ~ ~ i d ~ c y c I i ~ d o ~ e ~ u n o l ( 1 3 :  oil; 118 mg, 68%). IR:  3580w, 3400w, 2925.r, 2860s, 2100s, 
146001, 144001, 139011- (sh). 1370m, 1325~1, 130Ow, 1270m (sh), 1265m (sh), 125007, 1 IYOic, 1 I S O W ,  1140w, 1120w, 
1090w, 10701c, 1040~1, 1030m, I O l O i v ,  950w, 910n, 8 7 0 ~ .  'H-NMR (80 MHz): 1.12-1.80 (m, 21 H); 3.25-3.70 (rn, 

2.8. Epo.uy.s/yrene (8; 600 mg, 5.0 mmol) in toluene (4 ml) was treated with Et,AI/HN, (15 ml) at  -70" for 15 
inin yielding Z-ri~idu-2-phen~lefhuno/ (14; oil; 732 mg, 90%). 1R: 36251.1, (sh), 36001v, 3 4 5 0 ~  (br.), 33201~ (br.), 

0.99, 1.01 (4d, J = 7, CHI-C(12), CH-C(24), (CH,),CH-C(25)); 1.22 (A, CH,-C(14)); 1.86 (m, W X  = 6, 

1.00 2.20 (w,  9 H); 3.50 3.60 (tn, H-C(1)). 

MHZ): 1.30-2.15 (m, 12 H); 2.37 (m, h~i,~ = CU. 4, OH);  3.35 3.85 (w ,  H-C(l), H-C(2)). 

H-C(2)); 3.75 4.12 (w ,  H-C(1)). 

') 'The epoxides I ,  3,4, and G8 were prepared by reaction of the corresponding olefins with m-chloroperbenzoic 
acid. 
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3060w, 3020w, 2960w, 2920w, 2870w, 2100s, 1 6 0 0 ~  (br.), 1490w, 1 4 5 0 ~ .  1380w, 1370w, 1340w, 1300w, 1270w, 
1240m, 1 2 0 5 ~ ,  1170w, 1080w (sh), 1060w (sh), 1045m, 103011: (sh), 1 0 0 0 ~  (sh), 905m, 870w. 'H-NMR (80 MHz): 
2.00 (t, J = 6, OH);  3,73 (dd, J = 7, 6,  2 H-C(1)); 4.74 ( I ,  J = 7, H-C(2)); 7.35-7.60 (m,  C,H,). 
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