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CARBAMATES : A METHDOD OF SYNTHESIS AND SOME SYNTHETIC APPLICATIONS
Pavel Kodovsky
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Abstract: Alcohols are converted irto unsubstituted carbamates by treatment with trichloroace-
tyl isocyanate followed by hydrolysis on Al,03. This extremely mild procedure tolerates various
labile functional groups. The synthetic uti%ity of the carbamate moiety as a control element is
demonstrated on epoxidation and epoxide opening.

The carbamate group (wUCDNHz) constitutes a typical structural feature of certain classes
of natural products, e.g. bleomycins and mitomycins. Furthermore, -0CONHR and related groups
have frequently been used as control elements in the synthesis of natural products and their
precursorsl. Thus, for instance, ~DCDNH.EH2Ph can control the opening of the oxirane ringz and
the reaction may be directed either to introduce an 0- or an N—substituentz.

Among the methods of the carbamate synthesis the most versatile are the addition of alco-
hols to isucyanates3 and the reaction of alcohols with p-nitrophenyl chlorocarbonate followed
by aminolysis4 (Scheme 1). However, if an unsubstituted carbamate (~DEDNH2) is to be prepared,
the first method suffers from the fact that the R’ group (usually CHZPh) has to be removed,
which may pose the problem of chemoselection. On the other hand, ammonolysis in the second pro-

cedure may be non-compatible with some functional groups present in the molecule.
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Scheme I : (a) REN=C=0 ; (b) 1. p-NO -0C0C1 , 2. RN,
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We now report a general, two-step method of preparation of unsubstituted carbamates from
alcohols. The alcohol is first treated with trichloroacetyl isocyanate (TAI) in an aprotic sol-
vent (CGHG’ CHC13, CHZCIZ’ dioxane, or a mixture thereof) to produce in situ the correspon-
ding trichloroacetyl carbamate (Scheme I1). We have found that filtration of the reaction mix-
ture through a pad of neutral A1203 results in a clean hydrolysis leading to an unsubstituted
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Scheme II : (a) C15CC0-N=C=0, CH,Cl,, r.t., 10 min ; (b) AL,0; filtration
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Since TAI is known to react readily even with tertiary aleohols at r.t. over several mi-
nutesé, this procedure may be applied to a variety of substrates. Moreover, the conditions of
both the reaction with TAT and the following hydrolysis are extremely mild. lence, it was of
interest to explore the compatibility of this method with the presence of other potentially la-
bile groups. To this end, a brief study of several polyfuncticnal alecohols was carrvied out. We
have found that ester, tosyloxy, silyloxy, acetal, and epox;d;lmoieties are stable under the

reaction conditions7, and we always isolated products Qiﬁé) in goor to excellent yields

{see the numbers in parentheses in Scheme IIT).
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Scheme 111

The preparation of epoxycarbamates is worth further interest. As follows from Scheme 111,
the epoxide derived from geraniol gives the corresponding carbamate § in high isolated yield.

Since the starting epoxy alcohol is available in high optical purity in either enantiomeric

12 12,13

form through the Katsuki-Sharpless epoxidation™™ of geraniol the carbamate g might become

a suitable starting material in the synthesis of various natural products. Thus, for instance,

. 9 .
acid treatment of 6 leads to the corresponding carbonates 7 and 8 in a 4:1 ratio” (Scheme V).

) . . . - )
The steroidal epoxide 2 is cleaved to afford the hydroxycarbonate 18 as the only product€’la.

16,17 L 16
0y (e.qg., 5:31 . However, carba-

In this respect the carbamates behave similarly to carbonates
mates seem to be superior for they react faster and formation of by-products is suppressed.
There is another noteworthy feature of carbamates containing a double bond. The carbamate
group itself offers a potential for coordination to transition metals and other electrophilic
reagents. This might, possibly, influence the reactivity, e.g. the course of epoxidationlg’lg.
I order to verify this hypothesis epoxidation of the carbamates4¥ and 12 was attempted. Both 1
and Lg, however, turned out to be inert to Stamdardle t—BuUDH/(acacbVU treatment. On the othé:
hand, the steroidal compound 12 (Scheme V) reacted smoothly with m-chloroperoxybenzoic acid

(MCPBA} to afford the 58,68-epoxide 13 as the major product (6:1)9 while the corresponding 19-
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Scheme IV : (a) BF3.Et20, EtZO, DOC, 15 min ; (b) HClD&, HZD’ dioxane, r.t. 15 min.

-carbonate is known to produce mainly Bq,éa(rdiastereoisomer16 resulting from the ordinary

«-side attack by MCPBA.
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Scheme V : (a) MCPBA, CHClB, r.t. 30 min.

In light of the above results, we believe that the simple and mild procedure we have de-
vised represents a useful method of carbamate synthesis. Since it tolerates a large variety of
functional groups it may find application in synthetic chemistry. Furthermore, the carbamate
functionality thus created can control subsequent chemical transformations, as we have demon-

strated in several instanceszo.
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