Reduction-Elimination of Cyclic Phosphate Derivatives

with 6 X 10 mL of chloroform and an NMR spectrum (CDCl3) ob-
tained on the crystalline residue after evaporation of the solvent. The
spectrum of the product corresponded to that of a mixture of 7a and
7b and showed the same ratio of salts (28% 7a:72% 7b) as the corre-
sponding oxides from which they were derived (25% 8a:75% 8b) by
phenylsilane reduction and phenylation.

Kinetic Procedure for Cleavage of 7a and 7b. Rate measure-
ments were taken on a Cary 14 spectrophotometer and followed the
disappearance of the salt at 2725 A. To 2.50 mL of a 0.01 M solution
of the salt in 1:1 (v:v) ethanol-water in each of 12 ampules was added
2.50 mL of 0.2 M sodium hydroxide in 1:1 (v:v) ethanol-water at 0 °C.
Benzene (0.01 mL) was added to each ampule and the ampules sealed,
shaken, and placed in a water bath at 75.0 £ 0.5 °C. At given time
intervals the ampules were removed, cooled in ice, centrifuged to
separate benzene, and opened and the contents decanted into a cu-
vette (leaving droplets of benzene in the ampule) and the solution
scanned. A least-squares first-order plot was generated by the Finalal
computer program. Molar extention coefficients at 2725 A for 7a and
7b were 9.28 X 10? and 9.34 X 102, respectively.

Kinetic Procedure for Base Cleavage of 1-Benzyl-1-phenyl-
phosphorinanium Bromide (15) and cis- and trans-1-Benzyl-
4-tert-butyl-1-phenylphosphorinanium Bromide (3). The rate
measurements were made at 273.5 nm using a Beckman Model DU
ultraviolet spectrophotometer equipped with a thermostated cell
compartment. A carbonate-free mixture of ethanol-water (1:1 by
volume at 25 °C) was prepared and sodium hydroxide pellets were
added under an inert atmosphere in making up a 1.28 N solution.
Phosphonium salt was added under an inert atmosphere to this so-
lution until a concentration of 9 X 10~4 M was obtained. The mixture
was shaken and then inserted in the thermostated cell compartment.
A 10-cm cell was used to follow the disappearance of unsubstituted
salt at 307.5 nm. For 3a and 3b a 1-c¢m cell was employed. In order to
determine wavelengths that would provide suitable absorption dif-
ferences a comparison of the ultraviolet spectra of the salts and oxides
was made. All the kinetic runs were followed for at least 4 half-lives,
and A. was measured after 10 half-lives. The rate constants were
determined first graphically and then by computer.

Acknowledgments. The authors wish to thank Robert
Freerks for the preparation of cis- and trans-4-tert-butyl-
1-phenylcyclohexanol and the National Science Foundation
for support of this work under Grant GP 38756X.

Registry No.—3a, 61332-79-4; 3b, 61332-80-7; 4a, 61332-81-8; 4b,
61332-82-9; 7a, 61332-83-0; 7h, 61332-84-1; 8a, 61332-71-6; 8b,

J. Org. Chem., Vol. 42, No. 8, 1977 1311

61332-85-2; 10, 61332-86-3; 1,5-dibromo-3-tert-butylpentene, 758-
75-8; tetraphenyldiphosphine, 1101-41-3; benzyl bromide, 100-39-0;
methyl bromide, 74-83-9; trans-4-tert-butyl-1-phenylphosphorinane,
61332-72-7; cis-4-tert-butyl-1-phenylphosphorinane, 61332-73-8,

References and Notes

(1) For a brief review see K. L. Marsi, J. Org. Chem., 40, 1779 (1975).

(2) (a)K. L. Marsiand R. T. Clark, J. Am. Chem. Soc., 92, 3791 (1970); (b) K.
L. Marsi, J. Org. Chem., 40, 1779 (1975).

(3) Y. Kashman and O. Awerbouch, Tetrahedron, 26, 4213 (1970), have also
reported nonstereospecific cleavage of benzyl from phosphonium phos-
phorus in two compounds derived from 8-phosphabicycio(3.2.1.]Joctan-
3-one in which the phosphorus atom is simultaneously present in both a
five- and six-membered ring. Retention of configuration predominates in
both cases.

(4) The cis and trans designations are in accordance with Chemical Abstracts
usage by which, for example, the cis isomer has the senior groups (as
defined by the sequence rule) on the same side of the reference plane of
the ring. Cf. Chem. Abstr., 78, 851(1972); J. Chem. Inf. Comput. Sci., 15,
67 (1975).

(5) K. L. Marsi, J. Am. Chem. Soc., 93, 6341 (1971).

(6) {a) K. L. Marsi, Chem. Commun., 846 (1968); (b) J. Am. Chem. Soc., 91,
4724 (1969); {c) K. L. Marsi, F. B. Burns, and R. T. Clark, J. Org. Chem.,
37, 238 (1972).

(7) K. Mislow, Acc. Chem. Res., 3, 321 (1970).

(8) (a) W. E. McEwen, K. F. Kumli, A. Blade-Font, M. Zanger, and C. A. Van-
derwerf, J. Am. Chem. Soc., 86, 2378 (1964); (b) G. Aksnes and K. Ber-
gesen, Acta Chem. Scand., 19, 931 (1965); (c) S. E. Cremer, B. C. Trivedi,
and F. L. Weitl, J. Org. Chem., 36, 3226 (1971).

(9) C. R. Johnson and D. McCants, Jr., J. Am. Chem. Soc., 87, 1108
(1965).

(10) (a) G. Markl, Angew. Chem., Int. Ed. Engl., 7, 620 (1963); G. Mark|, Angew.
Chem., 75, 859 (1963); (b) K. L. Marsi, D. M. Lynch, and G. D. Homer, J.
Heterocycl. Chem., 9, 331 (1972).

(11) K. L. Marsi, J. Org. Chem., 39, 265 (1974).

(12) E. W. Garbisch, Jr. and D. B. Patterson, J. Am. Chem. Soc., 85, 3228 (1963).
Because the spectra of these isomers were only partially reported in this
reference, we have prepared and separated 14a and 14b and determined
their NMR spectra; cf. alsc M. Mousseron, J. M. Bessiere, P. Geneste, J.
M. Kamenka, and C. Marty, Bull. Soc. Chim. Fr., 3803 (1968).

(13) R. Hirschmann, G. A. Bailey, R. Walker, and J. M. Chemerda, J. Am. Chem.
Soc., 81, 2822 (1959).

(14) M. J. Gallagher and I. D. Jenkins, Top. Stereochem., 3, 6 (1968).

(15) J. A. Hirsch, Top. Stereochem., 1, 199 (1967).

(16) L. Horner, G. Mumenthey, H. Moser, and P. Beck, Chem. Ber., 98, 2782
(1968). The stereochemistry of arylation of heterocyclic phosphines (re-
tention) has been established; cf. A. Fitzgeraid, G. D. Smith, C. N. Caughlan,
K. L. Marsi, and F. B. Burns, J. Org. Chem., 41, 1155 (1976).

(17) L.D. Quin and J. H. Somers, J. Org. Chem., 37, 1217 (1972); 8. |. Feath-
erman, S. O. Lee, and L. D. Quin, ibid., 39, 2899 (1974).

(18) H. Sakurai and M. Murakami, J. Am. Chem. Soc., 94, 5080 (1972); H. Sa-
kurai and M. Murakami, Org. Prep. Proced. Int., §, 1 {1973).

(19) W.R. Purdum and K. D. Berlin, Org. Prep. Proced. Int., 7, 283 (1975).

Reduction-Elimination of Cyclic Phosphate Derivatives
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The conversion of 1,2-diols to alkenes has been effected through reduction of the cyclic ethyl phosphate or N,N-
dimethylamidophosphate derivatives with lithium in ammonia or titanium metal in THF. Accordingly, cis-1,2-
dimethylcyclodecane-1,2-diol was converted to a 9:1 mixture of cis- and trans-1,2-dimethylcyclodecene in 81%
yield through its dimethylamidophosphate derivative whereas the ethyl phosphate derivative afforded a 6.7:1 mix-
ture of these products in 57% yield. trans-1,2-Dimethylcyclodecane-1,2-diol gave a 6:1 mixture of trans- and cis-
1,2-dimethylcyclodecene in 24% yield via the amidophosphate and a 4.3:1 mixture of these isomers in 55% yield via
the ethyl phosphate. The analogous cyclododecanediols were converted to the 1,2-dimethyleyclododecenes in 53—
86% yield with syn-elimination preferences of 9:1-13.3:1. The 2,3-decanediols afforded the 2-decenes in 75% yield.
The erythro diol gave 1.4:1 (phosphate) and 1.9:1 (amidophosphate) mixtures of cis- and trans-2-decenes. The
threo isomer afforded a 6.7:1 mixture of trans and cis isomers from both cyclic phosphate derivatives.

We recently described a stereoselective method for the
conversion of vicinal diols to alkenes via reduction-elimination
of cyclic phosphoric amide derivatives with dissolving metals

(I — II — III).! We have now completed studies which further
delineate the scope and stereochemistry of the sequence and
show that, in some cases, cyclic phosphoric esters offer ad-
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vantages over amides. We have also examined alternative
reducing agents.
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Our initial impetus for studying vicinal glycol eliminations
arose from a need for 1,2-disubstituted trans-cyclodecenes
and cyclododecenes as synthetic intermediates. Sharpless and
Flood found that vicinal glycols could be directly deoxygen-
ated with potassium hexachlorotungstate.2 The reaction
proceeds by syn elimination but isomerization of the starting
glycol gives rise to stereochemically impure olefins. We hoped
to find alternative methods of greater stereoselectivity which
would be applicable to ditertiary glycols. For the systems of
interest to us, the phosphoric amide reduction-elimination
reaction (II — III)! gave slightly better results than the hex-
achlorotungstate deoxygenation.? In either event, since both
schemes involve preferential syn elimination and since we
wished to prepare trans cycloalkenes, our main problem was
to find an efficient route to trans-1,2-dialkylcycloalkane-
1,2-diols. The addition of organometallic reagents to 1,2-
cyclodecanedione (1a) and 1,2-cyclododecanedione (1b) af-
fords only the cis glycols 3a and 3b under a variety of reaction
conditions.23 We examined Grignard reagents and organo-
lithium reagents in ether, hexane, and hexamethylphosphoric
amide as solvents at temperatures ranging from —80 to 30 °C
and found no indication of trans products. Presumably, the
intermediate mono adducts 2 (L. = MgX or Li) exist in a che-
lated form which favors approach leading to the cis isomer 3.4
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In support of this hypothesis we found that derivatives of the
intermediate mono adduct in which chelation could not occur,
such as the trimethylsilyl ether 2 (L. = SiMe3), gave mixtures
of trans and cis glycols 3 and 6. Thus keto ether 2b (L = SiMej,
R = 4-pentenyl) upon treatment with 4-pentenyllithium in
ether-hexane followed by removal of the silyl group in
methanolic potassium carbonate afforded a 3:2 mixture of the
trans and cis glycols in 22% yield. Unfortunately, the reaction
proceeded with significant recovery of starting ketol 2b (L =
H, R = 4-pentenyl) and attempts to improve the yield were
to no avail. The use of tert-butyldimethylsilyl® and allyl
protecting groups proved even less satisfactory. Evidently,
enolzation seriously interferes with addition in these cases.

A more satisfactory route to the trans diols 6 evolved from
our discovery that dimethylsulfonium methylide® adds to
diones la and 1b to yield mainly the trans diepoxides 4. Dione
la gave a 7:3 ratio of trans and cis diepoxides 4a and 5a in over
70% yield while dione 1b afforded a 5:3 ratio of trans and cis
isomers 4b and 5b in comparable yield. These stereoisomers
could be readily separated by chromatography. Reduction of
each with lithium aluminum hydride afforded the known
trans- and cis-cyclodecanediols (4a, 5a) and cyclododec-
anediols (4b, 5b) in high yield, thereby confirming the ste-
reochemical assignments.23 Preliminary experiments with
the cyclododecane trans-diepoxide 4b indicated that or-
ganolithium reagents smoothly attack the epoxides to give
trans-1,2-dialkyl-1,2-cyclododecanediols. For example, the
bisbutenyl diol 6b (R = 3-butenyl) was obtained as a crys-
talline solid in 75-80% yield upon treatment of epoxide 4b
with allyllithium.

The next phase of our studies involved conversion of the
trans diols 6 to the cyclic phosphoramides 7 (Z = dimethyl-
amino) and subsequent reduction—elimination along the lines
previously reported for the cis diols 3.1 To that end, treatment
of trans-1,2-dimethyl-1,2-cyclodecanediol 6a (R = CHj) with
methyllithium followed by N,N-dimethylamidophosphoro-
dichloridate” in ether-tetrahydrofuran-hexamethylphos-
phoramide afforded the cyclic phosphoramide 7a (R = CHj;
Z = dimethylamino). This reaction was significantly slower
than the analogous conversion of the cis glycol 3a (R = CHj)
and mixtures of products containing appreciable hydroxylic
material were isolated in only moderate yield even after pro-
longed reaction time. Treatment of these crude mixtures with
lithium in ammonia afforded trans- and cis-1,2-dimethycy-
clodecene 8a (R = CHj) and 9a (R = CHj3) in an 86:14
ratio.

trans-1,2-Dimethyl-1,2-cyclododecanediol 6b (R = CHgy)
also reacted less efficiently than its cis counterpart 3b (R =
CHj) with N,N-dimethylamidophosphorodichloridate. The
resulting crude cyclic phosphoramide 7b (R = CH3, Z = di-
methylamino) gave a 92:8 mixture of trans- and cis-1,2-
dimethyleyclododecenes 8b (R = CHs) and 9b (R = CHj)
upon reduction with lithium in ammonia. The butenyl
homologue of diol 6b (R = 3-butenyl) gave only a trace of ¢y-
clic phosphoramide 7b (R = 3-butenyl, Z = dimethylamino)
even after prolonged reaction time. The main products con-
sisted of polyenes and acidic materials.

In view of the problems encountered in forming the cyclic
phosphoramides 7 (Z = dimethylamino) we decided to ex-
amine the cyclic phosphates (Z = OEt). This decision was
prompted by Ireland’s finding that tertiary alcohols react
more readily with diethyl phosphorochloridate than with the
bis(dimethylamino) analogue.® The ditertiary diols 6a and 6b
appear to follow a similar trend in their reaction with ethyl
phosphorodichloridate to give the cyclic phosphates 7a and
7b (R = CHgy; Z = OEt). In both cases reaction times were
shorter and the products contained fewer impurities. Re-
duction with lithium in ammonia afforded an 81:19 mixture
of trans- and cis-1,2-dimethylcyclodecenes 8a (R = CHj) and
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Table I. Net Conversion of Diols to Olefins via Reduction-Elimination of Cyclic Phosphate Derivatives Using Lithium/

Ammonia
Registry no. Diol Reagent Products Yield, %2 Syn/anti
56491-42-0 3a (R = CHj) Cl,PONMe; 9a (90%), 8a (10%) 81 9.0
3a (R = CHy) Cl,POoEt 9a (87%), 8a (13%) 57 6.7
61376-38-3 6a (R = CH,) Cl,PONMe; 9a (14%), 8a (86%) 24 6.1
6a (R = CHy) CloPOsEt 9a (19%), 8a (81%) 55 4.3
56499-08-2 3b (R = CH3) Cl,PONMey 9b (90%), 8b (10%) 86 9.0
3b (R = CHj;) Cl,PO.Et 9b (93%), 8b (7%) 76 13.3
61376-39-4 6b (R = CH3) Cl,PONMe; 9b (8%), 8b (92%) 53 11.5
6b (R = CHj) Cl,POsEL 9b (8%), 8b (92%) 66 115
n-C7H15CH(OH) n-C7H15CH=CHCH3
CH3:CH(OH)
19721-82-5 Erythro (10) ClsPONMe; Cis (66%), trans (34%) 40,2 78% 1.9
Erythro (10) Cl,PO.Et Cis (58%), trans (42%) 230 1.4
19721-81-4 Threo (11) Cl,PONMe, Cis (13%), trans (87%) 42,9760 6.7
Threo (11) Cl;PO-Et Cis (13%), trans (87%) 250 6.7

a Jsolated yield based on diol. ? Yield based on analysis by gas chromatography.

Table I1. Reduction-Elimination of the Phosphoramide
Derived from Diol 3b (R = CHj3)

Reagent Yield, %% Syn/anti

Li, NHz¢ 98 9.0
Na-naphthalene® 73 24
Na-xylene¢ 61 >99
TiCl,-Mg(Hg) 77 7.3
TiCl3-K 92 7.3
Zn-HOAc¢ 0c

Al(Hg) 0c
Cr(Cl104)>—(CH2NHs) 0c

a See ref 1. © Isolated yield. ¢ Recovered starting material.

9a (R = CHs) and a 92:8 mixture of trans- and cis-1,2-di-
methylcyclododecenes 8b (R = CH3) and 9b (R = CHj).

Table I summarizes conversions of vicinal diols to alkenes
via reduction—elimination of cyclic phosphoric acid amide or
ester derivatives. With cyclic ditertiary trans diols 6a and 6b
(R = CHj) the ester derivative gives a higher overall yield than
the amide with comparable stereoselectivity. The corre-
sponding cis diols 3a and 3b (R = CHj3) are most efficiently
converted to olefins through their cyclic phosphoramides.
Both disecondary vicinal acyclic diols, erythro- and threo-
2,3-decanediol,® behave like the cyclic cis diols. These trends
suggest that the phosphoramides are more efficiently reduced
than the phosphoric esters, a fact noted by Ireland?® in his work
on alcohol phosphate and phosphoramidate hydrogenolysis,
but in some cases the phosphoric esters are more readily
formed.

We conducted a brief survey of other reducing agents which
might convert cyclic phosphate derivatives to alkenes. For
these studies, summarized in Table II, we used the crystalline
N,N-dimethyl phosphoramidate derived from cis-1,2-di-
methyleyclododecane-1,2-diol (8b).1 The titanium reagents
of Corey!? and McMurry!! effected the reduction-elimination
about as efficiently as alkali metal reagents whereas less active

reducing agents such as zinc,!2 aluminum amalgam,!3 and .

chromous perchlorate'4 were ineffective.

In conclusion, the two-step conversion of diols to olefins via
cyclic phosphates or phosphoramidates can be effected with
reasonable efficiency and with a relatively high degree of
stereoselectivity. The method of Sharpless and Flood? using
potassium hexachlorotungstate accomplishes the same overall
conversion in one step in comparable yield. In some cases (the
trans-1,2-cyclodecanediol 6a, for example) we have found that

the two-step method proceeds more stereoselectively. Clearly,
the preference for one or the other method will depend upon
diol structure and availability of reagents.

As for mechanism, our findings suggest a two-step process
for the reduction-elimination. Two possibilities are shown
below. In each case rotation about the carbon-carbon bond
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of the intermediate radical anion (or dianion) leads to the
product of net anti elimination. Thus the syn—-anti ratio will
depend upon the relative timing of the first and second bond
breaking steps and, possibly, the relative transition state
stability for phoshate expulsion in a carbanion-type elimi-
nation reaction.

Experimental Section!s

cis-1,2-Dimethylcyclodecane-1,2-diol (3a,R = Me). A. From
1,2-Cyclodecanedione (1a). To a solution of 3.73 g of 1,2-cyclode-
canedione (1a)1€ in 100 mL of ether at 0 °C was added 80 mL of 2.2
M ethereal methyllithium. The mixture was stirred at room tem-
perature for 23 h, cooled to 0 °C, and 80 mL of water was carefully
added. The product, isolated by extraction with ethyl acetate, showed
appreciable carbonyl absorption in its infrared spectrum so the above
described methyllithium addition was repeated. The product thus
obtained was distilled at 115 °C (0.02 mm) to give 3.75 g of crystalline
diol 3a (R = Me), mp 44-45 °C. Recrystallization from hexane af-
forded material of mp 55-56 °C; IR (KBr) 3300, 2840, 1430, 1350, 1075
cm™Y; dpe,si (CDClg) 1.17 (CHy), 1.47 (m, CHy), 2.86 ppm (OH).

Anal. Caled for C12H2404: C, 71.95; H, 12.08. Found: C, 71.85; H,
12.15.

B. From Diepoxide 5a. A solution of 0.58 g of diepoxide 5a in 30
mL of ether was stirred with 0.27 g of lithium aluminum hydride at
room temperature for 2 h. The mixture was treated successively with
0.3 mL of water, 0.3 mL of 15% aqueous sodium hydroxide, and 0.9
mL of water and stirring was continued to granulate the resulting
inorganic salts. Filtration and removal of the solvent afforded 0.62
g of diol 3a (R = Me).

Additional confirmation of the cis stereochemistry was secured by
the method of Flood? which involves heating the diol with dimeth-
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ylformamide dimethyl acetal to obtain the cyclic formamide acetal
derivative. The substance obtained from diol 3a (R = Me) showed two
equal peaks for the acetal proton in its NMR spectrum reflecting the
cis, trans isomer population at this center relative to the cyclodecane
substituents.

cis-1,2-Dimethylcyclododecane-1,2-diol (3b, R = Me). A. From
1,2-Cyclododecanedione (1b). To a solution of 5 g of 1,2-cyclodo-
decanedione (1b)'7in 150 mL of ether at —78 °C was added 35 mL of
2.1 M ethereal methyllithium. The mixture was stirred overnight and
cooled to 0 °C, and water was carefully added. Extraction with ethyl
acetate afforded 6 g of crude material which was recrystallized from
hexane to give 4.2 g (72%) of diol 3b (R = Me): mp 94-95 °C (lit.2mp
92-95 °C); IR (KBr) 3400, 2950, 2870, 1480, 1450, 1380, 1110, 1100
cm™L dMe,si (CDClg) 1.15 (CHjy), 1.38 (m, CHy), 2.25 ppm (OH).

B. From Diepoxide 5b. A solution of 1.52 g of diepoxide 5b in 80
mL of ether was reduced as described above for epoxide 5a to give 1.43
g of diol 3b (R = Me).

cis- and trans-Dimethylenecyclodecane Bisepoxide (4a, 5a).!8
A solution of dimsylsodium was prepared from 5.2 g of 57% sodium
hydride in mineral oil (which was freed of the oil by three successive
washings with hexane) and 50 mL of dimethy! sulfoxide.® Tetrahy-
drofuran (50 ml.) was added, the solution was cooled to —10 °C, and
25 g of trimethylsulfonium iodide in 120 mL of MesSO was added,
followed by 5.1 ¢ of 1,2-cyclodecanedione (1a)!® in 5 mL of THF. The
mixture was stirred overnight, water was added, and the product was
isolated by ether extraction to give 3.9 g of oil. Separation of the cis
and trans diepoxides 5a and 4a was achieved by chromatography on
silica gel. Final purification was effected by high-pressure liquid
chromatographyv on Porasil using 5% ethyl acetate in hexane as the
eluent. In this way 1.6 g of the trans diepoxide 4a and 0.7 g of the cis
isomer 5a were obtained.

4a:bp 70 °C (0.1 mm); IR (film) 3060, 3000, 2940, 2880, 1480, 1425,
910 cm™1; dMe,si {CDCl3) 1.58 (m, CHs), 2.73 ppm (ABq, -CH,0-).

Anal. Caled for C12HagOg: C, 73.43; H, 10.27. Found: C, 73.2; H,
10.6.

5a: bp 70 °C (0.1 mm); IR (film) 3060, 2940, 2880, 1480, 1425 cm™1;
dMe,si (CDCly) 1.60 (m, CH»), 2.72 ppm (ABgq, ~-CH20-).

Anal. Caled for C1oHg09: C, 73.43; H, 10.27. Found: C, 73.2; H,
10.6.

cis- and trans-1,2-Dimethylenecyclododecane Bisepoxide (4b,
5b).18 The procedure described above for 4a and 5a was followed using
10.2 g of dione 1b!7 and 42.6 g of trimethylsulfonium iodide. The crude
product (11.1 g) was chromatographed on silica gel to give 5.6 g of
trans isomer 4b and 3.6 g of cis isomer 5b.

4b: bp 85 °C (0.1 mm); IR (film) 3060, 2950, 2770, 1470, 995, 915
cm™Y; dMegsi (CCLy) 1.40 (m, CHy), 2.53 ppm (ABq, -CH30-).

Anal. Caled for C14H2404: C, 74.95; H, 10.78. Found: C, 75.30; H,
10.84.

5b: mp 65.5-66.5 °C (hexane); IR (KBr) 3070, 3000, 2950, 2870,
1470, 970, 900 cm™1; dme,si (CCly) 1.38 (m, CHy), 2.48 ppm (ABq,
-CH,0-).

Anal. Caled for C14H2409: C, 74.95; H, 10.78. Found: C, 75.02; H,
10.96.

trans-1,2-Dimethylcyclodecane-1,2-diol (6a, R = Me). The
procedure described for the reduction of diepoxide 5a to diol 3a (R
= Me) was employed using 1.4 g of diepoxide 4a and 0.64 g of lithium
aluminum hydride. The product thus obtained (1.47 g) was recrys-
tallized from hexane to give 1.0 g of trans diol 6a (R = Me): mp 84-85.5
°C; IR (KBr) 3440, 2990, 2940, 2850, 1480, 1370, 1340, 1100, 1080,
1060, 930 cm™!; dye,si (CDCl3) 1.23 (CHy), 1.8-1.1 {m, CHy), 2.48 ppm
(OH).

Anal, Caled for C13Hs409: C, 71.95; H, 12.08. Found: C, 71.9; H,
12.0.

The cyclic formamide acetal prepared by the method of Flood?
showed a single peak for the acetal proton in its NMR spectrum.

trans-1,2-Dimethyleyclododecane-1,2-diol (6b, R = Me). The
procedure described for the reduction of diepoxide 5a was followed
using 0.5 g of diepoxide 4b and 0.23 g of lithium aluminum hydride.
The product thus obtained (0.53 g), an oil, was identical with an au-
thentic sample:23 IR (film) 3450, 3000, 2950, 2870, 1470, 1370, 1100
cm ™Y $me, si (CDClg) 1.23 (CHa), 1.37 (m, CHy), 2.00 ppm (OH).

trans-1,2-Bis(3-butenyl)cyclododecane-1,2-diol (6b, R = 3-
Butenyl). A 400-mL portion of a solution of allyllithium, prepared
from 25.2 g of tetraallyltin in 550 mL of ether and 150 mL of 2.3 M
phenyllithium in ether—benzene according to the procedure of Sey-
ferth and Weiner,'® was added to 10.3 g of diepoxide 4b in 100 mL of
ether. The mixture was stirred at room temperature overnight, then
it was cooled to 0 °C and water was added. Extraction with ether af-
forded 30 g of oily solid which was recrystallized from hexane to give
11.9 g (84%) of diol 6b (R = 3-butenyl): mp 112-113 °C; IR (KBr)

Marshall and Lewellyn

3460, 2950, 2870, 1640, 900 cm™1; dpme,si (CDCl3) 1.2-2.3 (m, CH,, OH),
4.8-5.2 (m, CH=CHy), 5.5-6.2 ppm (m, CH=CH,).

Anal. Caled for CooHa60g: C, 77.87; H, 11.76. Found: C, 77.83; H,
11.82.

General Procedure for the Preparation of Cyclic N,N-Di-
methylphosphoramidates. A solution of 1 mmol of diol in 10 mL of
THF was cooled to 0 °C and 1.1 mL of 2.1 M ethereal n-butyllithium
was added with stirring. After a few minutes 5 mL of hexamethyl-
phosphoramide (HMPA) was added followed by 0.4 g (2.5 mmol) of
N,N-dimethylamidophosphorodichloridate? in 5 mL of THF. The
solution was stirred overnight (or longer with less reactive diols), water
was added, and the cyclic phosphoramidate was isolated by ether
extraction. The cyclic phosphoramidates derived from diols 3a (R =
Me), 6a (R = Me), 6b (R = Me), 10, and 11 were oils and were used
without purification. The phosphoramidate, mp 131-138 °C, derived
from diol 3b (R = Me), has been described previously.!

General Procedure for the Preparation of Cyclic Ethyl
Phosphates. The procedure described above for the phosphoram-
idates was followed using ethyl phosphorodichloridate?® save for the
quantity of HMPA which was 0.5 mL. The phosphates prepared from
diols 3a (R = Me), 3b (R = Me), 6a (R = Me), 6b (R = Me), 10, and
11 were oils and were used without purification.

General Procedure for the Reduction-Elimination of Cyclic
Phosphoramidates and Phosphates Using Lithium in Ammeonia.
A solution of ca. 1 mmol of the crude phosphoramidate or phosphate
in 2-3 mL of ether was added to a solution of 40 mg (5.7 g-atoms) of
lithium wire in 50 mL of liquid ammonia with stirring. After 15-30
min solid ammonium chloride was added to discharge the blue color,
the ammonia was allowed to evaporate, and the product was isolated
by ether extraction. The results of these reductions are summarized
in Table I.

Analyses of Olefin Mixtures. The 1,2-dimethylcyclodecenes (8a,
9a) could not be separated by gas or liquid chromatography so the
ratios were estimated from the intensity of the vinylic CHj signals in
their NMR spectra.

An enriched sample (87%) of the Z isomer 9a showed the following
properties: IR (film) 3010, 2940, 2870, 1475, 1380 cm™!; dMe,si (CCly)
1.37 (m, CHy), 1.57 (87%) and 1.80 (13%) (vinylic CHs of Z and E
isomers 9a and 8a, respectively), 2.23 ppm (allyl CHy). These prop-
erties compared favorably with those of an authentic sample.3:2!

Anal. Caled for Ci9Hgg: C, 86.67; H, 13.33. Found: C, 86.6; H,
13.65.

An enriched sample (81%) of the E isomer 8a showed the following
properties: IR (film) 2940, 2870, 1460, 1375 cm™%; dpe,si (CCly) 1.1-1.7
(m, CHs), 1.57 (19%) and 1.80 (81%) (vinylic CHz of Z and E isomers
9a and 8a), 2.1-2.9 ppm (m, allylic CHs).

Anal. Caled for CioHgo: C, 86.67; H, 13.33. Found: C, 86.5; H,
13.55.

The 1,2-dimethylcyclododecenes (8b, 9b) were analyzed and sep-
arated by gas chromatography on silver nitrate impregnated Carbo-
wax 20M. The pure isomers were compared with authentic samples
using IR, NMR, and GLC,23

The 2-decenes were analyzed by gas chromatography on silver ni-
trate impregnated 1,4-butanediol. The pure isomers were compared
with authentic samples using IR, NMR, and GLC.22 Dodecane was
used as the internal standard for estimation of yields by gas chro-
matography (see Table I).

Reduction Elimination of the Cyclic Phosphoramidate De-
rived from cis-1,2-Dimethylcyclododecane-1,2-diol (3b, R = Me).
A, Using Titanium Tetrachloride-Magnesium Amalgam. The
procedure of Coreyl® was used to prepare the reagent from 0.044 g of
mercuric chloride, 0.144 g of magnesium, and 0.33 mL of titanium
tetrachloride. To this reagent in 5 mL of THF at room temperature
was added a solution of 100 mg of phosphoramidate! in 5 mL of THF.
The mixture was heated at reflux for 3.5 h, it was then cooled to 0 °C,
and 0.5 mL of saturated aqueous potassium carbonate was added.
After stirring for 0.25 h the mixture was filtered through Celite and
extracted with ether to give 55 mg of an oil which was further purified
by chromatography on silica gel. The resulting 47 mg (77%) of material
was found to be an 88:12 mixture of (Z)- and (E)-1,2-dimethyeyclo-
dodecene (9b and 8b) by gas chromatographic analysis and spectra
comparison with authentic samples.23

B. Using Potassium-Titanium Trichloride. The procedure of
McMurry was employed for the reduction of titanium trichloride.!!
To a suspension of 0.29 g of titanium trichloride in 10 mL of THF was
added 0.24 g of potassium slices. The mixture was stirred at reflux for
0.5 h, 100 mg of phosphoramidate in 2-3 mL of THF was added, and
reflux was maintained overnight. The mixture was cooled to 0 °C,
ethanol was added, and the whole was filtered through Celite. Re-
moval of solvent and chromatography on silica gel gave 56 mg (92%)
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of an 88:12 mixture of (Z)- and (E)-1,2-dimethylcyclododecenes (9b
and 8b).
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1-Methylphosphorinane (4) and 1-methylarsenane (6) form 1:1 and 1:2 adducts with Brg and I, but only 1:1 ad-
ducts with Cly, as determined by conductometric titrations and by isolation. The 1-phenyl compounds (5, 7) exhibit
the same behavior. These materials can have either a trigonal bipyramidal structure with As or P between the two
halogen atoms, or a simple molecular complex structure with As or P at the end of the halogens. We have been able
to distinguish these structural types by the conductance of the adducts in solution and by the R value analysis (vici-
nal coupling constants) of deuterated derivatives. The 1:1 arsine adducts with Cl; and Brs are nonconducting trigo-
nal bipyramids. All the 1:1 phosphine adducts, the 1:1 adducts of the arsines with I, and all the 1:2 adducts of both
the phosphines and the arsines are highly conducting molecular complexes with presumably little distortion in the

shape of the ring.

The halogen complexes of trivalent phosphines and ar-
sines have been of interest not only because of their structural
complexities but also because of their use in synthesis, as in
the Wiley reaction for the preparation of alkyl halides22 and
in the cleavage of the C—O bond of acids, acid anhydrides,
esters, and lactones to form a C-Br bond under very mild
conditions.2? A number of different structural methods have
been applied to these compounds,® but hard structural data
are particularly lacking in the solution phase. Previous work?®
has demonstrated that both 1:1 and 1:2 adducts are possible
(eq 1). For the 1:1 adducts, there are at least two general

X2 X2
R3M — R3MX2 — R3MX4 (1)

structural classes possible. The central atom M can be located
between the two halogen atoms X, so that M is pentacoordi-
nate and the overall structure is a trigonal bipyramid (TB) (1).
Alternatively, the atom M can be at the end of the two halo-

Ra,

—R
R

—- B

gens, in a simple molecular complex (MC), which can exist in
hydrogen-bond-like (2) or ionic (3) forms. The problem,

R
R /I/,,,\ M /‘1 Rf#/,,h'~ M( _
RY g AN
\X 3
2

therefore, is to determine which structure (1-3) exists in so-
lution for each of the adducts of trivalent phosphorus or ar-
senic with chlorine, bromine, or iodine. We hope to extend the
results to antimony and fluorine by induction.



