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Reaction of Phosphoryl Chloride in Pyridine with Halogenohydrins 
By A. Guzmsn, P. Ortiz de Montellano, and Pierre Crabbe,' Research Laboratories, Syntex, S. A., Apartado 

The reaction of iodohydrins with a solution of phosphoryl chloride in pyridine constitutes a useful modification of 
the Cornforth method for the stereospecific preparation of olefins. 

Postal 10-820, Mexico 10, D. F. Mexico 

SEVERAL methods exist for the conversion of 1,Z-halo- 
genohydrins (1) or epoxides (2) into olefins (3). These 
include treatment with metallic reagents such as zinc,lP2 
chromium salts,3 sodium,4 or magnesium6 as well as 
non-metallic agents such as iodides and phosphines.' 
The mixed reagent phosphoryl chloride-tin( 11) chloride- 
pyridine has been developed by Cornforth et aL3 Al- 
though several of these methods give high yields of 
olefin, all but the last suffer from lack of stereospecificity. 
The Cornforth procedure, however, is restricted to iodo- 
h y d r i n ~ . ~  Furthermore, most of these procedures are 
incompatible with compounds containing reactive halo- 
gens such as allylic bromides, owing to reaction of these 
centres with the metals involved. 

We report a variant of the Cornforth technique which 
is not only stereospecific but sometimes also applicable 
to bromohydrins and does not involve the use of reactive 
metal salts. 

The reaction is illustrated by treatment of the iodo- 
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hydrin (4a) with 1.5 equiv. of phosphoryl chloride in 
pyridine solution a t  O", which afforded the olefinic 
lactone (5a) in 99% yield. Similarly, the O-benzyl 
analogue (4b) provided the olefin (5b) in essentially 
quantitative yield.* 

A comparative study of the reaction occurring with 
cyclic iodo-, bromo-, and chloro-hydrins was then 
undertaken with steroidal halogenohydrins. 

3a-Hydroxy-2 p-iodoandrost an-17 p-yl acetate (7a) was 
prepared from 2a ,3a-epoxyandrostan-17 p-yl acetate 
(6) by treatment with hydroiodic acid. The corre- 
sponding bromohydrin (7b) lo and chlorohydrin (7c) 
were prepared by analogous reactions with hydrobromic 
and hydrochloric acids. 

Treatment of the iodohydrin (7a) with 3 equiv. of 
phosphoryl chloride in pyridine a t  5" for 1.5 h gave the 
olefin (8) in 94% yield. The same olefin was obtained 
in 10% yield when the bromohydrin (7b) was treated 
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under similar conditions.* The major product of this 
reaction was a mixture of the bromo-chloro-derivative 
(7d) and the dibromo-compound (7e), as shown by the 
analytical and physical properties (see Experimental 
section). 

The chlorohydrin (7c), however, did not give the 
olefin (8) when treated with phosphoryl chloride in 
pyridine. Instead the phosphate (7f) was obtained in 
85% yield. 

Having established the utility of the phosphoryl 
chloride-pyridine reagent for reductive eliminations of 
iodohydrins in rigid systems, we turned our attention to 
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and to  the question of stereo- 
specificity. For this purpose, the thre^o- (9a) and erythro- 
iodohydrin (10a) were prepared from the corresponding 
cis- and trans-olefins (11) and (12). 

Reaction of the threo-iodohydrin (9a) with phosphoryl 
chloride in pyridine for 2 h at  0" afforded exclusively the 
cis-olefin (11) in 10% yield,* along with 50% of the 
phosphate (9b). When the same reaction was per- 
formed at  the b.p., the yield of olefin (11) was increased 
to  35%. No trace of the tram-olefin (12) was detected 
by chromatographic or spectroscopic methods. In  
addition, the sole olefin obtained on reaction of the 
erythro-isomer (lOa) a t  0" was the trans-olefin (12) (13y0),* 

* Conditions for obtaining the optimum yield have not been 
sought. 
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with only the phosphate ester (lob) (50%) as a side 
product. The yield of (12) was 40% from a reaction a t  
reflux temperature. 
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When this reaction was performed in collidine instead 
of pyridine, the yields were not improved, and in piperid- 
ine at  room temperature the sole product was the corre- 
sponding epoxide. When hexamethylphosphoric tri- 
amide was used (reflux temperature), the yield of olefin 
could be increased to 50%.* 

The difference in reactivity of phosphoryl chloride- 
pyridine in the presence or absence of tin(I1) chloride is 
striking and unexpected. Cornforth et al. report that 
no olefin was obtained by treating one bromohydrin 
and one chlorohydrin in the presence of tin(r1) ~hlor ide .~  
The reason for the difference in reactivity is not clear, 
but could be either reactions of the tin(r1) reagent t 
with phosphoryl chloride over the longer reaction 
periods required for bromohydrins, or side reactions 
occurring with the substrate itself. 

Mechanistically, the reductive elimination of halogeno- 
hydrins in the presence of phosphoryl chloride-pyridine 
can be represented as shown in the Scheme.10 Initial 
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reaction of the alcohol system with phosphoryl chloride 
leads to an intermediate of type (13), which could give 
the olefin. In this case, one would expect the reaction 
to be stereospecific, in agreement with our results. 

t Cornforth et aZ.3 observed the formation of yellow phosphorus 
when longer reaction times are used. We did not observe form- 
ation of this material in the absence of tin(I1) chloride. 
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The postulated mechanism can also be used to rational- 

ise the results obtained with the chlorohydrin (7c). 
The elimination from the intermediate (13), when X is 
C1, can be expected to be substantially more difficult 
energetically than for the corresponding bromide or iodide. 

The very mild reaction conditions, absence of reactive 
metals, potential applicability to bromohydrins as well 
as iodohydrins, stereospecificity, frequent high yields, 
and technical simplicity make phosphoryl chloride- 
pyridine an attr ctive and useful reagent. 

EXPERIMENTAL 

Microanalyses are due to Dr. A. Bernhardt, Muhlheim, 
Germany. M.p.s were determined with a Mel-temp 
apparatus; they are corrected. Rotations were taken 
between 16 and 22" with a 1 dm tube a t  the sodium D-line. 
1.r. spectra were taken with a Perkin-Elmer model 21 
instrument (NaCl prism). U.V. spectra were obtained with 
a Beckman spectrophotometer, model DU. Unless other- 
wise stated, the n.m.r. spectra were recorded with a T-60 
Varian instrument for 5-8'70 w/v solutions in [2H]chlor~form 
containing tetramethylsilane as internal reference. Coup- 
ling constants ( J  in Hz) are accurate to f 1 Hz. The mass 
spectra were obtained with an Atlas CH-4 spectrometer. 

4-Benzyloxy (or methoxy)methyl-3,3aJ 4,6a-tetrahydrocyclo- 
penta[b] furan-2-one (5) .--(a) Treatment of the iodohydrin 
(4a) with phosphoryl chloride in pyridine solution in the 
presence of tin(I1) chloride afforded the corresponding 
olefin (5a) (70%). 

(b) Reaction of the iodohydrin (4b) with 1.5 equiv. of 
freshly distilled phosphoryl chloride in anhydrous pyridine 
solution a t  room temperature for 2 h provided 99% of the 
olefin (5b) as a liquid; v,, 1770, 1615, and 1120 cm-l; 
6 3.4br (-CH,-O-), 4-5 (CH,Ph), 5-82, 5-88, 6.02, and 6.05 
(dd, J 2 and 6, 2 vinylic H), and 7-31 p.p.m. (Ph).8 

(c) Similarly, when this reaction was performed with the 
corresponding methyl ether (4a), the olefinic methyl ether 
(5a) was obtained in essentially quantitative yields. Re- 
crystallisation from hexane afforded a sample of m.p. 
31-33"; v,, 1775 cm-l; 6 3.25 (d, J 10, -CH,-O-), 3-25 
(OMe), 5.53 (m, -CH-O-CO-), and 5-82, 5.87, 5.93, and 
5-97 p.p.m. (dd, J 2 and 6, 2 vinylic H) ;  m/e 168 (M+). 
3a-Hydroxy-2~-iodo-6a-androstan-l7~-yZ Acetate (7a) .-To 

the epoxide (6) (800 mg), m.p. 105-107"; [a], +16"; v,, 
1720 and 1245 cm-l; 6 0-79 (18-H3, 19-H3), 2.0 (17-OAc), 
3-1 (2-H, 3-H), and 4.60 p.p.m. (17a-H) in tetrahydrofuran 
(10 ml) cooled to 5", sodium iodide (720 mg) and 50% 
iodohydric acid (0.8 ml) were added. After being stirred 
for 1.5 h the mixture was poured into water and extracted 
with ether. The organic layer was washed with aqueous 
potassium hydrogen carbonate, decolourised with sodium 
hydrogen sulphite, washed with water until neutral, dried 
(NhSO,), filtered, and evaporated in vacuo t o  leave the 
iodohydrin (7a) (983 mg) . Recrystallisation from acetone- 
ether afforded a sample of m.p. 112-114"; [a], +40°; 
vmx. 3450, 1710, and 126Ocm-l; 6 0.77 (18-HS), 1.13 (l9-H3), 
2.1 (17-OAc), and 4.2-4-8 p.p.m. (m, 17a-H, 2a-H, 3P-H) 
(Found: C, 64.9; H, 7.3; I, 27.65. C21H3310, requires C, 
54-85; H, 7-25; I, 27.6%). 
2~-Bromo-3a-hydroxy-5a-androstan-l7~-yZ Acetate (7b) .- 

Prepared according to  the reported procedure,@ this had 
m.p. 190-192'; [a], +33"; vmaL 3450, 1720, and 1260 cm-l; 
6 0.77 (18-H3), 1.10 (19-H,), 2.1 (17-OAc), 4.3 (m, 2a-H), 
3P-H), and 4.64 p.p.m. (17a-H). 

D 

2P-Chloro-3a-hydroxy-5a-androstan- 17P-yl Acetate (7c) .-A 
solution of compound (6) 10-8 g in chloroform (80 ml) was 
cooled to 5" and 10N-hydrochloric acid (3 ml) was added. 
The mixture .was stirred a t  room temperature for 1 h. 
Water was added and the organic layer was neutralised, 
washed, and dried. Evaporation left material which was 
recrystallised from methylene chloride, providing pure 
chlorohydrin (7c) (813 mg), m.p. 215-217"; [a], f.21"; 
v,, 3450 and 1725 cm-l; 6 0-79 (18-H3), 1.08 (19-H,), 
2.05 (17-OAc), 4-08 (m, 20(-H, 3P-H), and 4-56 p.p.m. (17a-H) 
(Found: C, 67.7; H, 8-45; C1, 9.35. C,,H,,ClO, requires C, 
68.0; H, 8.4; C1, 9.55%). 

Treatment of the Iodohydrin (7a) with Phosphoryl Chloride. 
-To compound (7a) (500 mg) in anhydrous pyridine (3 ml) 
kept at 5 O  was added freshly distilled phosphoryl chloride 
(0.04 ml). The mixture was stirred for 1.5 h at 5", then 
poured into water and extracted with ether. The extract 
was washed with aqueous sodium hydrogen sulphite, dilute 
hydrochloric acid, and water until neutral, dried (Na,SO,), 
and evaporated to yield 5a-androst-2-en- 17p-yl acetate (8) 
(318 mg), m.p. 95-97" (from methanol); [a], +52"; v,, 
1720 and 1430 cm-l; 6 0-77 (18-H,), 0-79 (19-H,), 2.0 
(17-OAc), and 5.6 p.p.m. (m, 2 vinylic H), identical with an 
authentic sample 

Treatment of the Bromohydrin (7b) with Phosphoryl 
Chloride.-To compound (7b) (500 mg) in anhydrous 
pyridine (3 ml) kept a t  5" was added freshly distilled phos- 
phoryl chloride (0.15 ml). The mixture was stirred for 20 
min a t  room temperature, and then poured into ice-water. 
Extraction with chloroform was followed by washing with 
10% hydrochloric acid and then with water until neutral. 
The organic layer was dried (Na,SO,), filtered, and evap- 
orated. The amorphous product was separated by pre- 
parative t.1.c. The first crystalline compound obtained 
(loyo, 36 mg) was the androst-2-ene (€9, identical with an 
authentic sample. The second (79%, 510 mg) was an 
inseparable mixture of the chloro-bromo-derivative (7d) 
and the dibromide (7e), m.p. 152-154' (from methanol); 
1.3, -k5'"; 1720 cm-l; 6 0-79 (18-H,), 1-08 (19-H3), 
2.0 (17-OAc), and 4.54-4-76 p.p.m. (m, 17a-H, 2a-H, 3P-H) ; 
m/e 432 [M+ of (7d)l and 478 [M+ of (7e)l. 

Treatment of the Chlorohydrin (7c) with Phosphoryl 
Chloride.-To compound (7c) (500 mg) in pyridine (4 ml) a t  
5' was added pure phosphoryl chloride (0.15 ml). The 
mixture was stirred for 2-5 h at  room temperature then 
poured into ice-water and extracted with ethyl acetate. 
After usual work-up, the solvent was removed under 
vacuum and the amorphous product was purified by pre- 
parative t.1.c. to give 17~-acetoxy-2P-chZoro-5a-androstale- 
3a-yl phosphate (7f) (513 mg), m.p. 200-202" (decomp.) 
(from ether); [a], +38"; v,= 3460, 1750, 1240, and 1030 
cm-l; 6 0.79 (18-H,), 1.08 (19-H,), 2.1 (17-OAc), and 4.03- 
4-86 p.p.m. (m, 17a-H, 2a-H, 3P-H) (Found: C, 56-05; 
H, 7.65; C1, 7.65; P, 6.7. C,lH34C10,P requires C, 56.15; 
H, 7-65; C1, 7-9; P, 6.9%). 

trans-4,5-Epoxyoctane from trans-Oct-4-ene ( 12) .-This 
epoxide was prepared with m-chloroperbenzoic acid, accord- 
ing to the reported procedure; l1 b.p. 72-73" (47 mmHg) ; 
vm, 2950, 1460, and 905 cm-l; 99% pure by g.1.c. (column 

cis-4,5-Epoxyoctane.-cis-Oct-4-ene ( 11) was treated 
similarly 11 with m-chloroperbenzoic and afforded 77 % 
of the corresponding epoxide, b.p. 74" (45 mmHg); vm, 

(mixed m.p., t.l.c., and i.r.). 

OV-17; 120"). 

l1 A. C. Cope and V. K. Heeren. J. Amer. Chem. SOL, 1966, 
87, 3126. 
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2900, 1450, and 905 cm-l; 99% pure by g.1.c. (column 

threo-6-Iodo-octan-4-01 (9a) .-cis-4,5-Epoxyoctane (6 g) 
was added dropwise with stirring to a solution of sodium 
iodide (12 g) in acetic acid (24 ml) and water (2 ml). The 
mixture was kept for 1 h at room temperature, then poured 
into water and extracted with methylene chloride. The 
extract was washed with a saturated solution of sodium 
hydrogen carbonate, then with 5% sodium hydrogen sul- 
phite, dried (Na,SO,), and evaporated to leave a slightly 
yellow unstable oil (9a) (95%); vmX 3350 and 1460 cm-1; 
7 3.0 (m, CH-OH) and 4.15 p.p.m. (m, CHI) (Found: I, 
49.9. C8H1,10 requires I, 49.6%). 
erythro-5-Iodo-octan-4-oZ (10a) .-Similar treatment of 

trans-4,6-epoxyoctene afforded the erythro-isomer (lOa) , an 
unstable liquid; vmx. 3350 and 1480 cm-l; 6 2.98 (m, 
CWOH) and 4-15 p.p.m. (m, CHI) (Found: I, 50.0. 
C8H1,10 requires I, 49.6%). 

Treatment of Cornfound (9a) with Phosphoryl Chloride.- 
To a solution of compound (9a) (2.56 g) in anhydrous 
pyridine (5 ml), cooled to 0-5', was added freshly distilled 
phosphoryl chloride (2.8 ml) in pyridine (2 ml). The mix- 
ture was gently distilled and then poured into ice-water. 
Extraction with pentane was followed by washing with 
dilute hydrochloric acid, aqueous sodium hydrogen carbon- 

OV-17; 120"). 
ate, and water until neutral. After drying, removal of 
the solvent gave 35% of cis-octene ( l l ) ,  identical (ix., t.l.c., 
and g.1.c. analysis) with an authentic sample.12 G.1.c. 
did not show any of the trans-isomer (12). 

When the same reaction was performed at  0-5" for 
2 h, instead of with distillation, there was isolated 10% 
of the cis-olefin (11) and 50% of the phosphate (9b), liquid; 
vmx. 2900,1470, and 1240 cm-'; 6 3.95 (m, CH*O*PO,H,) and 
4.15 p.p.m. (m, CHI). 

Treatment of Compound (10a) with Phosphoryt Chloride.- 
Similar treatment of compound (10a) with phosphoryl 
chloride [as for the conversion (9a) _+ (ll)] provided 40% 
of the trans-olefin (12), devoid of cis-isomer (11) (g.1.c.). 
When the reaction was performed at  Oo, the yield of (12) 
was 13%, and that of the phosphate ester (lob) was 50%. 
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